i

epr YSO LoD -

PR o Q(j

Industria y Comercio

SUPERINTENDENCIA

DELEGATURA DE PROPIEDAD INDUSTRIAL
DIVISION DE NUEVAS CREAE
%OUCWUD E! PATENTE DE

INVENCION

TITULO: _ NUEVOS COMPUESTOS HETEROCICLICOS

1

SOLICITANTE: _GLAXO GROUP LIMITED

DIRECCION: Glaxo Welicome House, Berkeley Avenue, Greenford,
Middlesex UB6 ONN Inglaterra

APODERADO:_CARLOS R. OLARTE

BOGOTA 26 de Noviembre de 2008




OLARTERAISBECK

SURPLRINTENDENCIA Ok INDUS TRIA Y COMERCIO

oP
(_ﬂ/(, | 'EEﬂlllil"fllirﬁEilﬂﬁlxﬂllilﬁlllﬂ
Industria ¥ Comercio Fecha Lurm 1108 1% 35:00)

SUFERINTENDENCIA T PALENTLIY

PETITORIO FORMULARIO UNICO DE SOLICITUD
PATENTE PCT

LAY

886- -00000-0000
Dep 2020 NULCREAGION] |

P2008/000198

Act 411 PRESEN! ACION

Lve: 379 FASENACICNALL

Folios: 159

ENTRADA EN FASE NACIONAL
SOLICITUD DE:

©

y | Patente de Invencion.

Patente de Modelo de Utilidad.

Capitulo 1. X Capitulo II.
: T T —
(> Nombre: GLAXO GROUP LIMITED i IDENTIFICACION
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ANEXOS
Comprobante de pago de la tasa de presentacion de la solicitud.

\
Documento’ que acredita la existencia y representacidn legal cuando e! solicitante sea persona
juridica.
Poderes, si fuere el caso. Adjunto copia simple ver expediente No. O6-01, 3a |
Documento de cesidn del inventor al solicitante o a su causante. Declarocign \Da|o Ia qu[a
L2 O 3 del Pt
Declaraciones.

Copia de la solicitud internacional. (Resumen, descripcion, reivindicaciones, dibujos).

Traduccién de la solicitud internacional a! castellano. (Resumen, descripcion, reivindicaciones,
dibujos).

Copia del examen preliminar internacional efectuado por la Autoridad Internacional de Examen
Preliminar (IPEA).

Traduccion del examen preliminar internacional efectuado por la IPEA.

De ser el caso, copia del contrato de acceso.

De ser el caso, documento que acredite la licencia o autorizacién de usc de conocimientos

tradicionales de las comunidades indigenas.
De ser el caso, certificado de depdsito del material bioldgico.
Arte final 12 x 12.

De ser el caso, informacion sobre otras solicitudes de patente o titulos obtenidos en el extranjero por
el mismo titular o su causante, relacionadas parcial o totalmente con la invencién de esta solicitud.

De ser el caso, modificaciones efectuadas a la solicitud internacional.

Otros. Busqueda Internacional, Secuencias.

FIGURA CARACTERISTICA:

s A

N ' J

9

NOMBRE: CARLOS R. OLARTE FIR

Solicito {a concesion de la patente,

- P

C.C.79.782.747 Bta T.P._74.295

Instrucciones para el diligenciamiento del presente formulario, ver reverso de esta pagina.




1.

LISTA DE INVENTORES

Jose Maria BUENO CALDERON,
GlaxoSmithKline, Parque Tecnoldgico de Madrid,
Calle Doctor Severo Ochoa,

Tres Cantos, E-28760 Madrid

Espana

Nacionalidad: Espafiola

Jesus CHICHARRO GONZALO,
GlaxoSmithKline, Parque Tecnoldgico de Madrid,
Calle Doctor Severo Ochoa,

Tres Cantos, E-28760 Madrid

Espana

Nacionalidad: Espafola

Milagros LORENZO GARCIA,

GlaxoSmithKline, Parque Tecnologico de Madrid,
Calle Doctor Severo Ochoa, '

Tres Cantos, E-28760 Madrid

Espana

Nacionalidad: Espafiola

M Pilar MANZANQ CHINCHON,
GlaxoSmithKline, Parque Tecnolégico de Madrid,
Calle Doctor Severo Ochoa,

Tres Cantos, E-28760 Madrid

Espana

Nacionalidad: Espafola

PCT/EP2007/055188
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Traduccién oficial del Inglés por Marlén Ne1ra Castro, resolucion 2117 de1
Ministerio de Justicia de Colombia

APOSTILLA EN PODER DE REPRESENTACION DE

GLAXO GROUP LIMITED

PODER DE REPRESENTACION
Bilingle inglés- espanol otorgado en Brentford, Middlesex, Inglaterra el 13 de
agosto de 2003 y firmado por Peter John Giddings, Apoderado y Funciconario

autorizado.

Certificado de Notario De Pinna en espafiol firmado por James Kerr Milligan

APOSTILLA
(Convencion de 1a Haya del 5 de octubre de 1861)
1. Pais: Reino Unido de Gran Bretaia e Irlanda del Norte

- Este documento Publico

2. ha sido firmade por James Kerr Milligan
3. Quien ejerce funciones de Notario piblico
q, Lleva el sello del Notafio publico
CERTIFICADO
5.  En Londres
6. E1 14 agosto 2003
7. Por el Secretario de. Estado Principal de su Majestad para Asuntos

exteriores y de ta Mancomunidad

8. No. G229474
9.  Gran Sello de la Uficina de Asuntos exteriores y de la Mancomunidad 7
10. Firma legible de J. Garbrah- Por el Secretario de Estado i

51 el documento se usa en un pais gue no pertenece a la Conyencion de la Haya del

5 de octubre de 1961 debe pasar por la seccion consular de la Misidn gue

representa el pais.
Es traduccion fiel del inglés, con copia archive para confrontacidn. Boyotd 21 agosto-03.

Marlen Neira €

Hutu bz, &

MARLERN NEIRA CASTE:
Traducior e Inlérpreie (6
Inglés - Espofiol - Ingte
Besolucitn Mo, 2117 del 7 G



~ DE PINNA

Yo, el inlrascrito JAMES KERR MILLIGAN, Notario PGblico de la Ciudad de
Londres, Inglaterra, por la Autoridad Real debidamente admitido y juramentado,

CERTIFICO:

QUL es auténtica la [irma suscrita al pie del adjunto Poder, por ser del puiio y letra
del Seiior Don PETER JOHN GIDDINGS, cuya identidad me consta, Apoderado de
la  Sociedad inglesa denominada “GLAXQO GROUY LIMITED”, Sociedad
legalmente constituida y existente de acuerdo con las leyes de Inglaterra, e inscrita

‘en la Oficina de Registro de Sociedades bajo el nivmero 3056979, con domicilio social

en Glaxo Wellcome House, Berkeley Avenue, Greenford, Middlesex UBG ONN,

Inglaterra;

QUL el citado Sefior Dunnl’ETER JOILIN GIDDINGS esta debiday suficientemente
autorizado para [irmar documelﬁ‘,os de esta clase en nombre y representacién de
dicha Sociedad en virtud de un Poder otorgado por la referida Sociedad fechado 3 de
julio de’ 2002. - h

-

Y QUE los objetos para los cuales se otorgé dicho Poder se encuentran dentro de los
objetos o actividades de la citada Sociedad, de acuerdo con la Eseritura Constitutiva

y los listatutos Sociales, los cuales he tenido a la vista.

JAMES KERR MILLIGAN
Notario Pablico de Lopdres, Inglaterra

SCRIVENER
HOYAROIES

DE PINNA
36 Picendilly London W 14 O
Telephone:r 44 (0)Z0 1208 2000 Focsimile: 444 (20 7208 0066 X No. 48521 Piceadiity 2



APOSTILLE
(Hague Convention of 5 October 1961 / Convention de La Haye du 5 octolie 1961}

.

UNFEED KINGDOM OF GREAT BRITAIN ANU NORTUERN IRELAND

L. Country: United Kingdom of Great Britain and NMorthern breland
Pays: Royaume-Uni de Grande-Bretagne et d’lilande du Noid
This public ducument / Le piésent acte public

2. llas beensigned by James Kerr Milfigan

a d1é signé par

3. Acting in the capacily of  Nutary Foblic
agissant cn qualité de

1. Beas the scal/stamp of  "T'he Said Notary PPublic
sl 1evétu du sceau/limbre de

Cerlificd/Allesté
5. al London/a Loundres 0. hefle 14 August 2003

by Her Mujesty’s Principal Seerefary of State for Foreign and Commonwealth Affaits /
par le Seerétaire d'Etat Principal de Sa Majesté aux Alfzires Etrangéres el du Commonwealth.

8. Number/sgus No G22947‘I

9. Stamp, 10, Signatwe: 3. Garbrah

Lisnlne:
2

\,.

£ORZ]

S Lo~

gﬁa\\
A

For the Secietary of State / Penr fe Secrdtaire o 'Etat

IT this document is to be used in a conntry which is not party to the Hague Couvention of 5 October 1961,
it should be preseuted o the cousular seetion of Wie mission representing that country.
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OLARTE RAISBECK & FRIERY, LTDA.
LEGAL & PROFESSIONAL SERVICES

WORLD TRADE CENTER — TORRE C
CaLLE 100 No. BA-55 Piso 10
Bocora, CoLomBia
TELEPHONE: +57-1 638-6200
Fax: +57-1 638-6201

www.olarleraisbeck.com

Power of Attorney

The undessigned,

donnctied n

Poder

El suscrito,

Glaxo Group Limited

domiciliado en

Glaxo Wellcome House, Berkeley Avenue, Greenford, Middlesex UB6 ONN, GB

Ly tieans of these presents hereby grants 1o Carlos
R. Olarte, J. Lan Raisbeck and Ana
Maria Frieri full and sufficient Power of
Allorney to file, prosecute, obtain, defend and
enforce any and all of the company’s Patents,
Utility Models and Industrial Designs in the
Republic ol Colombia, to which end it empowers
them to take all sleps necessary belure any
administrative or judicial authority of any class for
the objects stated, to file petitions, appeals, replies
©and oppositions, pay iaxes and anwuilies, request
leslintonies, receive docuiments and securitics,
abaudon applications and collect refunds. Sufficient
power is hereby granted to receive notifications on
behal( of the-Cowmpany, to couler powers on those
who are fo represent the company judicially and
cxlrajudicially, to answer in court in the matler of all
claims and demands that may be presented in
connection with the objects stated, giving them
Jikewise power to subslitule lhese presents and
revoke such substitutions.

Signature/Firma: Y

por medio del presente otorga a Carles R,
Olarte, J. Ian Raisbeck y Ana Maria

Frieri poder especial, amplio y suliciente para
preseutar, tramilar, oblener, defender y hacer
respetar todas y cualquiera de Patentes, Modelys
de Utilidad y Diseiios Industriales de la
compaiiia en la Reptblica de Colombia, a cuyo
clecto los faculla para dar todus los pasos
necesarios anle cualquier autoridad administrativa,
o judicial de cualyuier jerarquia para cunplir con
lo encomendado, clevar soliciludes, apelaciones,
respuestus y oposiciones, pagar impuesios y
anualidades, solicitar testimmonios, recibir
documientos y valores, desistir y percibir. Se
concede poder bastanle para recibir notificacioncs
a nombre de la compafiia, olorgar poderes a
quienes vayan a represeular a la compaiifa judicial
y extrajudicialinente, responder en juicio a todas
las reclainaciones o demaidas que por motivo de
lo encomendado se presentaren, ddndoles
asimistmo facullad para sustiluir ¢l preseute y
revocar dichas suslituciones.

| @

Peter Jolm GU)I{I@(JS as Altorney and Authorised. Official

Date/FFecha: 13 August 2003

City,Country/Ciudad,

’ais: Brentford, Middlesex, England
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Box No. VIH(ii) DECLARATION: ENTITLEMENT TO APPLY FOR AND BE GRANTED A PATENT

The declaration must conform to the standardized wording provided for in Section 212; see Notes to Boxes Nos. VIII, VIII(I)
to (v) (in general and the specific Notes to Box No. VIII(ii). If this Box is not used, this sheet should not be included in the
request.

Declaration as to the applicant's entitlement, as at the international filing date, to apply for and be granted a patent (Rules
4.17(ii) and 51bis.1(a)(ii}), in a case where the declaration under Rule 4.17(iv) is nol appropriate:

in relation to intemational application No. PCT/EP2007/055188

GLAXO GROUP LIMITED is entitled to apply for and be granted a patent by virtue of the following:

(i) " transfer of entittement from inventors Jose Maria BUENO CALDERON; Jesus CHICHARRO
GONZALO; Milagros LORENZO GARCIA and M Pilar MANZANO CHINCHON to GlaxoSmithKline
Investigacion y Desarrollo SL by way of employment contract

{ii} an assignment from GlaxoSmithKiine tnvestigacion y Desarrcllo SL to Glaxo Group Limited dated 20
July 2007

O This declaration is continued on the following sheet, "Continuation of Box No. VIII(ii)".

Form PCT/RO/101 (declaration sheet (ii)) (March 2001; reprint January 2003) See Notes to the request form
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Box No. VIII(iv) DECLARATION: INVENTORSHIP (only for the purposes of the designation of the United States
of America). The declaration must confarm o the following standardized wording provided for in Section 214; see Notes to Boxes Nos. VI, VI o
(v) (in general) and the specific Notes to Box No. VIUI (iv). [f this Box is not used, this sheet should not be included in the request.

Declaration of Inventorship (Rules 4.17(iv) and S1bis.1(a)(iv))
for the purposes of the designation of the United States of America:
I hereby declare that | believe 1 am the original, first and sole (if only one inventor is listed below) or joint (if more than one
inventor is listed below) inventor of the subject matter which is claimed and for which a patent is sought.

This dectaration is directed ta the international application of which it forms a part {if filing declaration with application).

' This application is directed to international application No. PCT/EP2007/055188 (if furnishing declaration pursuant 1o Rule
26ter). '

I hereby declare that my residence, mailing address, and citizenship are as stated next to my name.

I hereby state that I have reviewed and understand the contents of the above-identified international application, including the
claims of said application. I have identified in the request of said application, in compliance with PCT Rule 4.10, any claim
to foreign priority, and | have identified below, under the heading "Prior Application,” by application number, country or
Member of the World Trade Organization, day, month and year of filing, any application for a patent or inventor's certificate
filed in a country other than the United States of America, including any PCT international application designating at least
one country other than the United States of America, having a filing date before that of the application on which foreign
priority is claimed.

Proor Applications: e

I hereby acknowledge the duty to disclose information that is known by me to be material to patentability as defined by 37
C.F.R. §1.56, including for continuation-in-part applications, material information which became available berween the filing
date of the prior application and the PCT intemational filing date of the continuation-in-part.

] hereby declare that all statements made herein of my own knowledge are true and that all statements made on information
and belief are believed to be true; and further that these statements were made with the knowledge that willful false
statements and the like so made are punishable by fine or imprisonment, or both under Section 1001 of Title 18 of the United
States Code and that such willful false statements may jeopardize the validity of the application or any patent issued thereon.

Name: Jose Maria BUENO CALDERON

Residence: Tres Cantos, Madrid, Spain
(city and either US state, if applicable, or country)

Mailing Address: GlaxoSinithKline, Corporate Intellectual Property - UW2220, P.O. Box 1539
King of Prussia, Pennsylvania 19406-093%

Date:_( 1% lB"'L\ , 2Q2 z
{of signature whith is not contairfed in the request, or of

added under Rule 26ter after thd ﬁlmg of thc international the declaration that is corrected or added under Rule
application. The signature mustibe that of the inventor, not that ' 26¢er after the filing of the international application)

of the agent.)

Name: Jesus CHICHARRO GONZALO

Residence: Tres Cantos, Madrid, Spain
(city and either US state, if applicable, or country)

Mailing Address: GlaxoSmithKline, Corporate Intellectual Property - UW2220. P.Q. Box 1539
King of Prussia, Pennsylvania 19406-0939

Citizenship: Spanish @ UQA ,
Inventor's Signature: c'M Date: 3 \&Qy 4 6{\’\ Y 200 ?‘

(if not contained in the req t, or if declaration is corrected or (of signature wifich is not contaired in the request, or of
added under Rule 26rer after the filing of the intemational the declaration that is corrected or added under Rule

application. The signature must be that of the inventor, not that 26ter after the filing of the international application)
of the agent.)

0
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(O This declaration is continued on the following sheet, "Continuation of Box No, VIII(iv)".

Sheet No. 2

Continuation of Box Ne. VIII(i) to (v) Declaration

If the space is insufficient in any of Boxes Nos. VIII{i} to (v} to furnish all the informatino, including in the case where more
than rwo inventors are to be named in Box No. Vill (iv}, in such case, write "Continuation of Box No. Vill " (indicate the
item number of the Box) and furnish the information in the same manner as required for the purposes of the Box in which the
space was insufficient. lf additional space is needed in respect of two or more declarations, a separate continuation box must
be used for each such declaration. [f this Box is not used, this sheet should not be included in the request.

Name: Milagros LORENZO GARCIA
Residence: Tres Cantos, Madrid, Spain
(city and either US state, if applicable, or country)

Mailing Address: GlaxoSmithKline, Corporate Intellectual Property - UW2220, P.O. Box 1539
King of Prussia, Pennsylvania 19406-0939

Citizenship: Spanish

Inventor's Signature: Date: W ’(%*C" ,2&9

(if not contained M TEquest, or if declafduwn is corrected or (of signature whidh is not contained in the request, or of
added under Rule 26¢er after the filing of the international the declaration that is corrected or added under Rule
application. The signature must be that of the inventor, not that 26ter after the filing of the international application)

of the agent.)

Name: M Pilar MANZANO CHINCHON
Residence: Tres Cantos, Madrid, Spain

{city and either US state, if applicable, or country)

Mailing Address: GlaxoSmithKline, Corporate Intellectual Property - UW2220, P.O. Box 1539
King of Prussia, Pennsylvania 19406-0939

Citizenship: Spanish

Inventor's Signature: @ Date: ’JoL.. \6‘“\ , 003

(if not contained in the request, or if declaration is cormrected or (of signature which is not contained in the request, or of
added under Rule 26ser after the filing of the international the declaration that is corrected or added under Rule

application. The signature must be that of the inveator, not that 26ter afier the filing of the international application)
of the agent.) .

Form PCT/RO/101 (continuation sheet for declaration) (March 2001; repnint January 2003}  See Notes to the request form
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(19) World Intellectual Property Organization

Intcrnational Burcau

(43) International Publicativn Date
6 December 2007 (06.12.2007)

(12) INFTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

v ) |00 0 0 0

(10) International Publication Number

WO 2007/138048 Al

(51)

1

(22
(25)
(26)

—_—

(30)

(71)

(72)
(75)

(74)

International Patent Classification:
CO7D 213/68 (2006.01) AGIP 33/06 (2006.01)
AGIK 31/44 (2006.01)

International Application Number:
PCT/EP2007/055188

[nternational Filing Dates 29 May 2007 (29.05.2007)

Filing Language: English
Publication LLanguage: Fnglish
Priority Data:

06381025.3 31 May 2006 (31.05.2006) P
073800724 & March 2007 (08.03.2007)  Iip
Applicant (for alf designated States except US): GLAXO

GROUP LIMITED [GB/GB}, Glaxo Wellcome House,
Berkeley Avenue. Greenford Middlesex UB6 ONN (GB).

Inventors; and

Inventors/Applicants  (for US only): BUENO
CALDERON, Jose Maria |ES/1IS]; GlaxoSmithK-
line, Parque ‘'lecnologico de Madrid, Calle Doctor
Severo Ochoa, ‘Ires Cantos, E-28760 Madrid (1IS).
CHICHARRO GONZALO, Jesus [ES/ES]. Glax-
oSmithKline, Parque ‘lecnologico de Madrid, Calle
Doctor Severo Ochoa, Tres Cantos, E-28760 Madrid (ES).
LORENZO GARCIA, Milagros [ES/ES]; GlaxoSmithK-
line, Parque Tecnologico de Madrid, Calle Doctor Severg
Ochoa, Tres Cantos, E-28760 Madrid (ES). MANZANO
CHINCHON, M Pilar [ES/ES]; GlaxoSmithKline, Par-
que Tecnologico de Madrid, Calle Doctor Severo Ochoa,
Tres Cantos, E-28760 Madnd (ES).

Agents: SARDHARWALA, Fatema et al.; Glaxo Group
Limited, Corporate Intellectual Property CN925.1, 980
Great West Road, Brentford Middlesex TW8 9GS (GB).

(81) Designated States (unless otherwise indicated, for every

(84

—r

kind of national protection available). AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ, CA, CH,
CN, CO, CR, CU, CZ, DE, DK, bM, DO, DZ, EC, EE, EG,
ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, IL,
IN, IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK,
LR, LS, LT, LU, LY, MA, MD, MG, MK, MN, MW, MX,
MY, MZ,NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT, RO,
RS, RU, SC, 8D, SL, SG, SK, SL, SM, 8V, SY, TJ, TM,
TN, TR, I'E, T4, UA, UG, US, UZ, VC, VN, ZA, ZM, 4W.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, 8D, SL, 8Z, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE| IS, IT, LT, LU, LV, MC, MT, NL, PL,
PT, RO, S, SI, 8K, TR), OAPI (BT, BJ, CF, CG, CI, CM,
GA, GN, GQ, GW, ML, MR, NI, SN, 'TD, TG).

Declarations under Rule 4.17:

as to applicant’s entitlement to apply for und be granted a
patent (Rule 4.17(ii))

as 1o the applicant’s entitlement 10 claim the priority of the
earlier application (Rule 4.17(iii))

of inventorship (Rule 4.17(iv))

Published:

with international search report

before the expiration of the time limit for amending the
claims and to be republished in the eveni of receipt of
amendments

Far two-letter cades and other abbreviations. refer to the "Guid-
ance Notes on Codes and Abbreviaiions” appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Title: NOVEL HETEROCYCLIC COMPOUNDS

O

(57) Absiract: 4-pyridone (4-pyridinone} deriva-
tives of Forimula I and pharmaceutically acceptable
derivatives thereof, processes for their preparation,

(I) pharmaceutical formulations thereof and their use
in chemotherapy of certain parasitic infections such
as malaria, are provided.
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WO 2007/138048 PCT/EP2007/055188

NOVEL HETEROCYCLIC COMPOUNDS

FIELD OF THE INVENTION
The invention relates to heterocyclic compounds and their use in chemotherapy. More
specifically, this invention is concerned with certain 4-pyridone (4-pyridinone) derivatives,
processes for their preparation, pharmaceutical formulations thereof and their use in
chemotherapy of certain parasitic infections such as malaria, and in particular infection by
Plasmodium falciparum,
BACKGROUND OF THE INVENTION

Parasitic protozoal infections are responsible for a wide variety of diseases of medical and
veterinary impartance, including malaria in man and various coccidioses in birds, fish and
mammals. Many of the diseases are life-threatening to the host and cause considerable
economic loss in animal husbandry, such as species of Eimeria, Theileria, Babesia,
Cryptosporidium, Toxoplasma (such as Toxoplasma brucei, African sleeping sickness and
Toxoplasma cruzi, Chagas disease) and Plasmodium (such as Plasmodium falciparum),
and the Mastigophora such as species of Leishmania (such as Leishmania donovani).
Another parasitic organism of increasing concern is Pneumocytis carinii, which can cause
an often fatal pneumonia in immunodeficient or immunccompromised hosts, including
those infected with HIV.

Malaria is one of the major disease problems of the developing werld. The most virulent
malaria-causing parasite in humans is the parasite Plasmodium falciparum, which is the
cause of hundreds of millions of cases of malaria per annum, and is thought to cause over
1 million deaths each year, Breman, J. G., et al,, (2001) Am. Trop. Med. Hyg. 64, 1-11.
One problem encountered in the treatment of malaria is the build-up of resistance by the
parasite to available drugs. Thus, there is a need to develop new antimalarial drugs.

A group of 3,5-dihalo-2,6-dialkyl-4-pyridinol derivatives (the tautomeric form of 4-
pyridones) is described in US patent No. 3,206,358 as having anticoccidial activity.

European Patent Application No. 123239 discloses combinations of the aforementioned 4-
pyridinol  derivatives  with  antiprotozoal naphthoquinones, e.g. antimalarial
naphthoguinones, in a potentiating ratio.

PCT Patent Application No. WO 91/13873 A1 discloses a class of 4-pyridone derivatives
which exhibit activity against protozoa, in particular against the malarial parasite
Plasmodium falciparum, and species of Eimeria as well as the parasitic organism
Pneumocytis carinii. It has been found that compounds ‘according to the present
invention, generically disclosed in WO 91/13873 A1, and having a specific substitution
pattern,'—q;hibit improved properties over those compounds specifically disclosed in WO
91/13873 A1.
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SUMMARY OF THE INVENTION
This invention is directed to certain 4-pyridone derivatives, processes for their preparation,
pharmaceutical compositions comprising such compounds and use of the compounds in
the chemotherapy of certain parasitic infections such as malaria, and in particular infection
by Plasmodium falciparum. '

DETAILED DESCRIPTION OF THE INVENTION
The present invention provides a compound of Formuila i:

Wherein:

R' represents halo, CFsor OCF3;

R* represents halo;

One of R? and R® represents methyl and the other represents -(CHa),OH or -HC=N-OR®;
R®represents H or -C,-C.alkyl;

n represents 1-4,;

or a pharmmaceutically acceptable derivative thereof.
Terms and Definitions

As used herein, the term “alkyl” as a group or a part of a group refers to a linear or
branched saturated hydrocarbon group, containing the number of carbon atoms as
specified; examples of such groups include methyl, ethyl, propyl, isopropyl, n-butyl, sec-
butyl, isobutyl and tert-butyl and the like.

As used herein, "halo” refers to an fluoro, chloro, bromo or iodo group.

All aspects and embodiments of the invention descriced herein are in respect of
compounds of Formula |, unless otherwise specified.
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R' represents a substituent at any position of the pheny! ring. In one aspect of the
invention R' represents a substituent at the meta or the para position of the phenyl ring.
in another aspect of the invention R' represents a substituent at the para position of the
pheny! ring.

In one aspect of the invention R' represents Br, Ci, F, CF3or OCF,. In another aspect of
the invention R* represents Cl, F, CF; or OCFs. In a further aspect of the invention R’
represents CF;or OCF;. In a yet further aspect of the invention R represents OCF,.

In one aspect of the invention R* represents Br or Cl. In another aspect of the invention
R’ represents ClI.

in one aspect of the invention one of R? and R’ represents methyl and the other
represents -(CH,),OH; in another aspect one of R? and R® represents methyl and the
ather represents -HC=N-OR®.

in one aspect of the invention R? represents methyl and R’ represents -(CH,),OH or
-HC=N-OR5. In another aspect of the invention R? represents methyl and R? represents
-(CH,)OH.

In one aspect of the invention R® represents methyl and R? represents -{(CH,),OH or
-HC=N-ORS. In another aspect of the invention R® represents methy! and R? represents -
(CH3),OH.

In one aspect of the invention R® represents H or methy!.

In one aspect of the invention n represents 1 or 3. In a further aspect of the invention n
represents 1.

The meaning of any functional group or substituent thereon at any one occurrence in
Formula 1, or any subformuia thereof, is independent of its meaning, or any other
functional group's or substituent's meaning, at any other occurrence, unless stated
otherwise. [t is to be understood that the present invention covers ali combinations of the
groups according to different aspects of the invention as described hereinabove.

in one aspect of the invention there is provided a compound, or a pharmaceutically
acceptable derivative thereof, wherein the compound is selected from the group
consisting of:
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3-Chloro-6-(hydroxymethyl)-2-methyl-5-{4-({4-[(trifluoromethylJoxy]phenyl}oxy)phenyl}-
4{1H)-pyridinone;
3-Chloro-6-(hydroxymethyl)-2-methyl-5-[4-({4-{(trifluoromethyl)oxylphenyl}oxy)phenyl]-
4(1H)-pyridinone;
3-chloro-2-(hydroxymethy!)-6-methy!-5-[4-({4-[(trifluoromethyl)oxylphenyl}oxy)phenyi]-
4(1H)-pyridinone;

3-chloro-2-(hydroxymethyl)-6-methyl-5-(4-{{3-(trifluoromethyl )phenyljoxy}phenyl}-4(1H)-
pyridinone;
5-Chioro-6-methyl-4-oxo0-3-[4-({4-[(triftuoromethyl}oxylphenyl}oxy)phenyl}-1,4-dihydro-2-
pyridinecarbaldehyde oxime;
5-Chloro-6-methyl-4-oxo-3-{4-({4-[(trifluoromethyl}oxy]phenyl}oxy)phenyl}-1,4-dihydro-2-
pyridinecarbaldehyde-O-methyloxime;
3-chloro-6-methyl-4-oxo-5-{4-({4-{(trifluoromethyljoxy]phenylloxy)phenyl]-1,4-dihydro-2-
pyridinecarbaldehyde oxime; and
3-chloro-6-(3-hydroxypropyl)-2-methyl-5-[4-({4-[{trifluoromethyl)oxylphenylloxy)phenyl]-
4{1H)-pyridinone.

As used herein, the term “pharmaceutically acceptable derivative”, means any
pharmaceutically acceptable salt, solvate, or prodrug e.g. ester or carbamate of a
compound of Formula |, which upon administration to the recipient is capable of providing
(directly or indirectly) a compound of Formula |, or an active metabolite or residue thereof.
Such derivatives are recognizable to those skilled in the art, without undue
experimentation. Nevertheless, reference is made to the teaching of Burger's Medicinal
Chemistry and Drug Discovery, 5th Edition, Vol 1: Principles and Practice, which is
incorporated herein by reference to the extent of teaching such derivatives. In one aspect
of the invention pharmaceutically acceptable derivatives are salts, sclvates, esters and
carbamates. In ancther aspect of the invention pharmaceutically acceptable derivatives
are saills, solvates and esters. In a further aspect, pharmaceutically acceptable
derivatives are salts and solvates. In a yet further aspect, pharmaceutically acceptable
derivatives are salts. In one aspect, pharmaceutically acceptable derivatives at the
nitrogen of the pyridinone ring include -OC,salkyl and -O(CO)C,salkyl. In another aspect,
when R? or R? are -(CH,).OH, pharmaceutically acceptable derivatives of the OH group of
R? or R? include -O(CO)C,sakyl (for example -O(CO)CH3) and -O{CO)N(Ci_salkyl)-C;.
2alkyl-N"Hz(Cysalkyl). In a further aspect, pharmaceutically acceptable derivatives at the
hydroxy group of the 4-pyridinol tautomeric form include -O(CO)C,5alkyl {for example -
O(CO)CH3) and -O(CON(C.4atkyl}-Cioalky-N"Hz(Cysalkyl).

An ester of a compound of Formula | may be hydroiysable under in vivoe conditions in the
human body. Suitable pharmaceutically acceptable in vivo hydrolysable ester groups
include those which break down readily in the human body to leave the parent acid or the
salt thereof. An ester may be formed at a hydroxy group (OH) of a compound of Formuia
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I using methods well known in the art involving reacticn with the corresponding acid. For
example, esters may be C,qalkyl esters, wherein alkyl is as defined herein, e.g. methyl
esters, ethyl esters and the like.

It will be appreciated that certain pharmaceutically acceptable salts of the compounds
according to Formula | may be prepared, since the compounds of the invention are weakly
amphoteric.  Indeed, in certain embodiments of the invention, pharmaceutically
acceptabie salts of the compounds according to Formula | may be preferred over the
respective free base or free acid because such salts impart greater stability or solubility to
the molecuie thereby facilitating formulation into a dosage form. The compounds of the
present invention may also be administered as a pharmaceutically acceptable salt.
Accordingly, the invention is further directed to pharmaceutically acceptable salts of the
compounds according to Formula I.

As used herein, the term "pharmaceutically acceptable salts” refers to salts that retain the
desired biological activity of the subject compound and exhibit minimal undesired
foxicological effects. For a review on suitable salts see Berge et al, J. Pharm. Sci., 1977,

66, 1-19. The term “pharmaceutically acceptable salts" includes both pharmaceutically

acceptable acid addition salts and pharmaceutically acceptable base addition salts.
These pharmaceutically acceptable salts may be prepared in situ during the final isolation
and purification of the compound, or by separately reacting the purified compound in its
free acid or free base form with a suitable base or acid, respectively. The salt may
precipitate from solution and be collected by filtration or may be recovered by evaporation
of the solvent.

In certain embodiments, compounds according to Formula | may contain an acidic
functional group and may therefore be capabie of forming pharmaceutically acceptable
base addition salts by treatment with a suitable base. A pharmaceutically acceptable
base addition salt may be formed by reaction of a compound of Formula | with a suitable
strong inorganic base, optionally in a suitable solvent such as an organic solvent, to give
the base addition salt which may be isolated for examplé by crystallisation and filtration,
Pharmaceutically acceptable base salts include include pharmaceuticaily acceptable
metal salts, for example pharmaceutically acceptable alkali-metal or aikaline-earth-metal
salts such as hydroxides, sodium, potassium, lithium.

in certain embodiments, compounds according to Formula | may contain a basic
functional group and may therefore be capable of forming pharmaceutically acceptable
acid addition salts by treatment with a suitable acid. A pharmaceutically acceptable acid
addition salt may be formed by reaction of a compound of Formula | with a suitable strong
inorganic or organic acid (such as hydrobromic, hydrochloric, sulfuric, nitric, phosphoric,
perchloric, p-toluenesulfonic, benzenesulfonic, methanesuifonic, ethanesulfonic, 2-
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hydroxyethanesulfonic, naphthalenesuffonic (e.g. 2-naphthalenesulfonic), optionally in a
suitable solvent such as an organic solvent, to give the salt which is usually isolated for
example by crystallisation and filtration. Pharmaceutically acceptable acid addition salts
include a hydrobromide, hydrochloride, hydroiodide, sulfate, bisulfate, nitrate, phosphate,
perchlorate, p-toluenesuifonate, benzenesulfonate, methanesulfonate, ethanesulfonate, 2-
hydroxyethanesulfonate or naphthalenesulfonate (e.g. 2-naphthalenesulfonate) salt. n
one embodiment, a pharmaceutically acceptable acid addition salt of a compound of
Formula | is a sait of a strong acid, for example a hydrobromide, hydrochioride,
hydroiodide, sulfate, nitrate, perchiorate, phosphate p-toluenesulfonic, benzenesulfonic,
methanesuifonic salt.

The invention includes within its scope all possible stoichiometric and non-stoichiometric
forms of the salts of the compounds of Formula 1.

As used herein, the term "compounds of the invention” means the compounds according
to Formula | and the pharmaceutically acceptable derivatives thereof. The term "a
compound of the invention” means any ane of the compounds of the invention as defined
above.

The compounds of the invention may exist as solids or liquids, both of which are inctuded
in the invention. In the solid state, the compounds of the invention may exist as either
amorphous material or in crystalline form, or as a mixture thereof. It will be appreciated
that pharmaceutically acceptable solvates of compounds of the invention may be formed
wherein  solvent molecules are incorporated into the crystalline lattice during
crystallisation. Solvates may involve non-aqueous soivents such as ethanol, isopropanol,
dimethylsulfoxide (DMSO), acetic acid, ethanolamine, and ethyl acetate, or they may
involve water as the solvent that is incorporated into the crystalline fattice. Solvates
wherein water is the solvent that is incorporated into the crystalline lattice are typically
referred to as "hydrates.” The invention includes all such solvates.

it will be appreciated that compounds of the invention can exist in different tautomeric
forms. In particular, compounds of Formula | may exist in the 4-pyridinol tautomeric form

as faliows:
0
OH @__ 1
R

R4
R N7 TR?
H
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All possible tautomeric forms of the compounds of Formula | are contemplated to be
within the scope of the present invention, In one aspect of the invention there is provided
compounds of Formula | in the 4-pyridone tautomeric form. In another aspect of the
invertion there is provided compounds of Formula | in the 4-pyridinol tautomeric form. in
a further aspect of the invention there is provided a mixture of compounds of Formuia | in
the 4-pyridone and 4-pyridinol tautomeric forms. In a yet further aspect of the invention,
the mixture of 4-pyridone and 4-pyridinol tautomeric forms of compounds of Formula | is
an equilibrium mixture.

It will further be appreciated that compounds of the invention which contain a double
bond, for example an oxime double bond, may be present as a mixture of E and 2
isomers with respect to the geometry about the double bond. The mixiure may contain £
and Z isomers in equal amounts, or the mixture may contain an excess of either Z or E
isomer. Compounds of the invention may alternatively be present in their respective pure
E and Z geometric isomeric form about each double bond.

't will also be appreciated that compounds of the invention which exist as polymorphs,
enantiomers and mixtures thereof are all contempiated 1o be within the scope of the
present invention.

Certain compounds of the invention may have an improved pharmacokinetic profile {(e.g.
they may be more orally bioavailable, or they may display improved oral exposure).

According to another aspect of the invention there is provided a compound of Formula | or
a pharmaceutically acceptable derivative thereof for use in human or veterinary medical
therapy.

The compounds of the invention can be useful in the treatment of certain parasitic
infections such as parasitic protozoal infections by the malarial parasite Plasmodium
falciparum, species of Eimeria, Pneumocytis carnii, Trypanosoma cruzi, Trypanosoma
brucei or Leishmania donovani. In particular, the compounds of the invention can be
useful for treatment of infection by Plasmodium falciparum. Accordingly, the invention is
directed to methods of treating such conditions.

In one aspect of the invention, there is provided a compound of Formula | or a
pharmaceutically acceptable derivative thereof, for use in therapy, for example the
treatment of parasitic protozoa! infections such as maiaria, for example infection by
Plasmodium falciparum.

in another aspect of the invention there is provided the use of a compound of Formula | or
a pharmaceutically acceptable derivative thereof in the manufacture of a medicament for
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the treatment of parasitic protozoal infections such as malaria, for example a condition
caused by infection by Plasmodium falciparum.

In another aspect of the invention there is provided a methad for the treatment of a human
or animal subject suffering from a parasitic protozoal infection such as malaria, for
example infection by Plasmodium falciparum, comprising administering to said human or
animal subject an effective amount of a compound of Formula | or a pharmaceuticaily
acceptable derivative thereof, or a pharmaceutical composition comprising a compound of
Formula | or a phamaceutically acceptable derivative thereof.

The methods of treatment of the invention comprise administering a safe and effective
amount of a compound according to Formula | or a pharmaceutically acceptable derivative
thereof to a patient in need thereof.

As used herein, "treatment” means: (1) the amelioration or prevention of the condition
being treated or one or more of the biological manifestations of the condition being
treated, (2) the interference with (a) one or more boints in the biological cascade that
leads to or is responsible for the condition being treated or (b) one or more of the
biological manifestations of the condition being treated, or (3) the alleviation of one or
more of the symptoms or effects associated with the condition being treated. The skilled
artisan will appreciate that "prevention” is not an absolute term. In medicine, "prevention”
is understood to refer to the prophylactic administration of a drug to substantially diminish
the likelihood or severity of a condition or biclogical manifestation thereof, or to delay the
onset of such condition or biclogical manifestation thereof.

As used herein, "safe and effective amount” means an amount of the compound sufficient
to significantly induce a positive modification in the condition to be treated but low enough
to avoid serious side effects (at a reasonable benefit/risk ratio) within the scope of sound
medical judgment. A safe and effective amount of a compound of the invention will vary
with the particular compound chosen (e.g. depending on the potency, efficacy, and half-
life of the compound); the route of administration chosen; the nature of the infection and/or
condition being treated; the severity of the infection and/or condition being treated; the
age, size, weight, and physical condition of the patient being treated; the medical history
of the patient to be treated; the duration of the treatment; the nature of concurrent therapy;
the desired therapeutic effect; and like factors, but can nevertheless be routinely
determined by the skilled artisan.

As used herein, "patient” refers o a human or ather animal.

The compounds of the invention may be administered by any suitable route of
administration, including systemic administration. Systemic administration includes oral

8



10

15

20

25

30

35

40

WO 2007/138048 PCT/EP2007/055188

administration, parenteral administration, transdermal administration, rectal administration,
and administration by inhalation. Parenterai administration refers to routes of
administration other than enteral, transdermal, or by inhalation, and is typically by injection
or infusion. Parenteral administration includes intravenous, intramuscular, and
subcutaneous injection or infusion. Inhalation refers to administration into the patient's
lungs whether inhaled through the mouth or through the nasal passages. Topical
administration includes dermal application to the skin as well as intraocular, buccal (e.g.
sub-lingually), rectal, intravaginal, and intranasal administration. '

The compounds of the invention may be administered once only, or according to a dosing
regimen wherein a number of doses are administered at varying intervals of time for a
given period of time. For example, doses may be administered one, twg, three, or four
times per day. Doses may be administered until the desired therapeutic effect is achieved
or indefinitely to maintain the desired therapeutic effect. The dosage will also vary
according to the nature of the intended treatment, wherein "treatment” is as hereinbelow
defined, for example a greater dose of compound may be given for amelioration as
compared with prevention of a condition being treated. Suitable dosing regimens for a
compound of the invention depend on the pharmacokinetic properties of that compound,
such as absorption, distribution, and half-life, which can be determined by the skilled
artisan. In addition, suitable dosing regimens for a compound of the invention, including
the duration such regimens are administered, depend on the route of administration of the
compound, on the condition being treated, the severity of the condition being treated, the
age and physical condition of the patient being treated, the medicat history of the patient
to be treated, the nature of any concurrent therapy, the desired therapeutic effect, and like
factors within the knowledge and expertise of the skilled artisan. ft will be further
understood by such skilled artisans that suitable dosing regimens may require adjustment
given an individual patient's response to the dosing regimen or over time as individual
patient needs change. It will also be appreciated that if the compounds of the present
invention are administered in combination with one or more additional active therapeutic
agents as discussed further hereinbelow, the dosing regimen of the compounds of the
invention may also vary according to the nature and amount of the one or more additional
active therapeutic agents as necessary.

Typical daily dosages may vary depending upon the particular route of administration
chosen. Typical daily dosages for oral administration range from about 0.01 to about 25
mg/kg. in one embodiment from about 0.1 to about 14 mg/kg. Typical daily dosages for
parenteral administration range from about 0.001 to about 10 mg/kg; in one embodiment
from about 0.01 to about 6 mg/kg. In one embodiment, the daily dose range of the
compounds is from 100-1000 mg per day.
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The compounds of Formula | may alsc be used in combination with other active
therapeutic agents. The invention thus provides, in a further aspect, a combination
comprising a compound of Formula | or a pharmaceutically acceptable derivative thereof
together with a further active therapeutic agent. When a compound of Formula | or a
pharmaceutically acceptable derivative thereof is used in combination with a second
active therapeutic agent which is active against the same disease state the dose of each
compound may differ from that when the compound is used alone. Appropriate doses will
be readily appreciated by those skilled in the art. It will be appreciated that the amount of
a compound of the invention required for use in treatment will vary with the nature of the
condition being treated and the age and the condition of the patient and will be ultimately
at the discretion of the attendant physician or veterinarian.

The compounds of the present invention may be used alone or in combination with one or
more additional active therapeutic agents, such as other antiparasitic drugs, for example
antimalarial drugs.

Such other active therapeutic agents include antimalarial drugs, such as folates (e.g.
chloroquine, mefloquine, primaquine pyrimethamine, quinine, artemisinin, halofantrine,
doxycycline, amodiquine, atovaqﬁone, tafenoquine) and antifolates (e.g. dapsone,
proguanil, sulfadoxine, pyrimethamine, chlorcycloguanil, cycloguanil).

The combinations referred to above may conveniently be presented for use in the form of
a pharmaceutical formulation and thus pharmaceutical formulations comprising a
combination as defined above together with a pharmaceutically acceptable carrier and/or
excipient comprise a further aspect of the invention. The individual components of such
combinations may be administered either sequentially or simultaneously in separate or
combined pharmaceutical formulations by any convenient route.

When administration is sequential, either the compound of the present invention or the
one or more additional active therapeutic agent(s) may be administered first. When
administration is simultaneous, the combination may be administered either in the same
or different pharmaceutical composition. When combined in the same formulation it will be
appreciated that the compound of the present invention and the one or more additionai
active therapeutic agent(s) must be stable and compatible with each other and the other
components of the formulation. When formulated separately the compound of the present
invention and the one or more additional active therapeutic agent(s) may be provided in
any convenient formulation, conveniently in such manner as are known for such
compounds in the art. '

Compositions
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The compounds of the invention will normally, but not necessarily, be formulated into
pharmaceutical compositions‘ prior to administration to a patient. In one aspect, the
invention is directed to pharmaceutical compositions comprising a compound of the
invention. In another aspect the invention is directed to a pharmaceutical composition
comprising a compound of the invention and one or more pharmaceuticaily acceptable
carriers and/or excipients,

The carrier andfor excipient must be “acceptable” in the sense of being compatible with
the other ingredients of the formulation and not deleterious to the receipient therecf.

The pharmaceutical compositions of the invention may be prepared and packaged in bulk
form wherein a safe and effective amount of a compound of the invention can be
extracted and then given to the patient such as with powders or syrups. Alternatively, the
pharmaceutical compositions of the invention may be prepared and packaged in unit
dosage form wherein each physically discrete unit contains a safe and effective amount of
a compound of the invention. When prepared in unit dosage form, the pharmaceutical
compositions of the invention typically contain from about 0.1 to 100mg, in another aspect
0.1 mg to about 50 mg of a compound of the invention.

The pharmaceutical compositions of the invention typically contain one compound of the
invention. However, in certain embodiments, the pharmaceutical compositions of the
invention contain more than one compound of the invention. For example, in cerlain
embodiments the pharmaceutical compositions of the invention contain two compounds of
the invention. In addition, the pharmaceutical compositions of the invention may optionally
further comprise one or more additional active therapeutic compounds. The
pharmaceuticai compositions of the invention typically contain more than one
pharmaceutically acceptable excipient. However, in cerfain embodiments, the
pharmaceutical compositions of the invention contain one pharmaceutically acceptable
excipient.

As used herein, the term “phamaceutically accepiable” means suitable for
pharmaceutical use.

The compound of the invention and the pharmaceutically acceptable excipient or
excipients will typically be formulated into a dosage form adapted for administration to the
patient by the desired route of administration. For example, dosage forms include those
adapted for (1) oral administration such as tablets, capsules, caplets, pills, troches,
powders, syrups, elixers, suspensions, solutions, emuisions, sachets, and cachets; (2)
parenteral administration such as sterile solutions, suspensions, and powders for
reconstitution; (3} transdermal administration such as transdermal patches; (4} rectal
administration such as suppositories; (5) inhalation such as aerosols and solutions; and
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(6) topicat administration such as creams, cintments, Iotions, solutions, pastes, sprays,
foams, and gels.

Suitable pharmaceutically acceptable excipients will vary depending upon the particular
dosage form chosen. In addition, suitable pharmaceutically acceptable excipients may be
chosen for a particular function that they may serve in the composition. For example,
certain pharmaceutically acceptable excipients may be chosen for their ability to facilitate
the production of uniform dosage forms. Certain pharmaceutically acceptable excipients
may be chosen for their ability to facilitate the production of stable dosage forms. Certain
pharmaceutically acceptable excipients may be chosen for their ability to facilitate the
carriage or transport of the compound or compounds of the invention from one organ, or
portion of the body, to another organ, or portion of the body, once administered to the
patient. Certain pharmaceutically acceptable excipients may be chosen for their ability to
enhance patient compliance.

Suitable pharmaceutically acceptable excipients include the following types of excipienté:
binders, disintegrants, lubricants, glidants, granulating agents, coating agents, wetting
agents, solvents, co-solvents, suspending agents, emulsifiers, sweeteners, flavouring
agents, flavour masking agents, coloring agents, anticaking agents, humectants, chelating
agents, plasticizers, viscosity increasing agents, antioxidants, preservatives, stabilizers,
surfactants, and buffering agents. The skilled artisan will appreciate that certain
pharmaceutically acceptable excipients may serve more than one function and may serve
alternative functions depending on how much of the excipient is present in the formulation
and what other ingredients are present in the formulation.

Skilled artisans possess the knowledge and skill in the art to enable them to select
suitable pharmaceutically acceptable excipients in appropriate amounts for use in the
invention. In addition, there are a number of resources that are available to the skilled
artisan which describe pharmaceutically acceptable excipients and may be useful in
selecting suitable pharmaceutically acceptable excipients. Examples include Remington's
Pharmaceutica! Sciences (Mack Publishing Company), The Handbook of Pharmaceutical
Additives (Gower Publishing Limited), and The Handbook of Pharmaceutical Excipients
(the American Pharmaceutical Association and the Pharmaceutica! Press).

The pharmaceutical compositions of the invention are prepared using techniques and
methods known to those skilled in the art. Some of the methods commonly used in the art
are described in Remington's Pharmaceutical Sciences (Mack Publishing Company).

in one aspect, the invention is directed to a solid or liquid oral dosage form such as a
liquid, tablet, iozenge or a capsule, comprising a safe and effective amount of a
compound of the invention and a carrier. The carrier may be in the form of a diluent or
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filler. Suitable diluents and fillers in general include lactose, sucrose, dextrose,
mannitol, sorbitol, starch (e.g. corn starch, potato starch, and pre-gelatinized starch),
celiulose and its derivatives (e.g. microcrystalline cellulose), caicium sulfate, and dibasic
calcium phosphate. A liquid dosage form will generally consist of a suspension or solution
of the compound or pharmaceutically acceptable derivative in a liquid carrier for example,
ethanol, ofive oil, glycerine, glucose (syrup) or water (e.g. with an added flavouring,
suspending, or colouring agent). Where the composition is in the form of a tablet or
lozenge, any pharmaceutical carrier routinely used for preparing sclid formulations may be
used. Examples of such carriers include magnesium stearate, terra alba, talc, gelatin,
acacia, stearic acid, starch, lactose and sucrose. Where the composition is in the form of
a capsule, any routine encapsulation is suitable, for example using the aforementioned
carriers or a semi solid e.g. mono di-glycerides of capric acid, Gelucire™ and Labraso!™,
or a hard capsule shell e.g gelatin. Where the composition is in the form of a soft shell
capsule e.g. gelatin, any pharmaceutical carrier routinely used for preparing dispersions or
suspensions may be considered, for example aqueous gums or oils, and may be
incarporated in a soft capsule shell.

An oral solid dosage form may further comprise an excipient in the form of a binder.
Suitable binders include starch (e.g. corn starch, peotato starch, and pre-gelatinized
starch), gelatin, acacia, sodium alginate, alginic acid, tragacanth, guar gum, povidone,
and cellulose and its derivatives (e.g. microcrystalline cellulose). The oral solid dosage
form may further comprise an excipient in the form of a disintegrant.  Suitable
disintegrants include crospovidone, sodium starch glycolate, croscarmelose, alginic acid,
and scdium carboxymethyi celiuiose. The oral solid dosage form may further comprise an
excipient in the form of a lubricant. Suitable lubricants include stearic acid, magnesium
stearate, calcium stearate, and talc.

There is further provided by the present invention a process of preparing a pharmaceutical
composition, which process comprises mixing at least one éompound of Formula | or a
pharmaceutically acceptable derivative thereof, together with a pharmaceutically
acceptable carrier and/or excipient.

Preparations for cral administratton may be suitably formulated to give
controlled/extended release of the active compound.

Abbreviations

In describing the invention, chemical elements are identified in accordance with the
Periodic Table of the Elements. Abbreviations and symbols utilised herein are in
accordance with the common usage of such abbreviations and symbols by those skilled in
the chemical arts. The following abbreviations are used herein:
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AcOEt, EtOAc
approx.

bar

brine

n-Buli
t-BuOMe

cat. ref.

CDClh,

CD,0D

cong.

cpm

DCM

DiBAH

DMF

DMSO
DMSO-ds

ES MS

EtOH

h

human sera AB
HEPES

HPLC

HT

HT supplement

Incompiete blood donation

L

LDA
MeQH
min.
NaTaurocho!l.
NBS
NCS
NMP
NMR
Pa
PRBCs
pH
RBCs
TBDMS
TBDPS

PCT/EP2007/035188

ethyl acetate

approximately

1 x 10° Pa (Pascal)

saturated aqueous sodium chioride
n-butyilithium

tert-butyl-methyl-ether

catalogue reference

deuterated chlorofarm

deuterated methanol

concentrated

counts per minute (unit of radiactivity)
dichloromethane

diisobuty! aluminium hydride

N, N-dimethylformamide

dimethylsulfoxide

deuterated dimethylsulfoxide

Electrospray mass spectrometry

ethanol

hour(s)

Serum obtained from human blood type AB
4-(2-Hydroxyethyl) piperazine-1-ethanesulfonic acid
High Performance Liguid Chramatography
Hypoxanthine

0.15 mM hypoxanthine and 24 uM thymidine, (GIBCO™ cat.

ref.: 41065)

a volume of blood lower than 450 m! used for research
litre(s)

lithium diisopropylamide

methanol

minute(s)

sodium Taurocholic

N-bromosuccinimide

N-chlorosuccinimide

N-methyl-pyrrolidinone

Nuclear Magnectic Resonance spectroscopy
Pascal (Si unit of pressure: m™ kg.s?)
parasitized red blood celis

-Logyp of the hydrogen ion concentration

red blood cells

tert-butyldimethylsity!

tert-butyldiphenylsilyl
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TCCA trichloroisocyanuric acid
TMHD 2.2,6,6-tetramethyl-heptane-3,5-dione
RPMI Roswell Park Memorial Institute medium*
THF tetrahydrofuran
viv volume ratio
wiw weight ratio, e.g. percentage by weight

*(for details about this medium, see Divo, A.A., et al., Nutritional requirements of
Plasmodium falciparum in culture. 1. Exogenously supplied dialyzable components
necessary for continuous growth. J Protozool, 1985, 32(1): p. 59-64).

Compound Preparation
The general procedures used to synthesise the compounds of Formula | are described in
reaction Schemes 1-24 and are illustrated in the Examples.

Throughout the specification, general Formulae are designated by Roman numerals |, 1i,
I, IV etc. Subsets of compounds of Formula | are defined as la, Ib, Ic, |d and le; subsets
of other Formulae are expressed in an analogous fashion.

Compounds of Formula {a, which are compounds of Formula | wherein R' represents
halo, CF,or OCF;; R* represents halo; R? represents -CH,OH; and R® represents methyl,
may be prepared from compounds of Formula |I, wherein R’ represents halo, CF, or
OCF;, according to Scheme 1 by reaction of Il with an appropriate halogenating agent
such as a halosuccinimide (NBS, NCS), trichloroisacyanuric acid (TCCA) or bromine in a
suitable solvent such as a mixture of dichloromethane and methanol.

0]
0 1
\WE::;H"R Halogen
—_—

| | donor
OH

H,C u n

Scheme 1
Compounds of Formula Il may be prepared from compounds of Formula Ili, wherein R’
represents fluoro, chloro, CF3or OCF; and PG is a sterically hindered hydroxy protecting
group, for example TBOMS or TBDPS, according to Scheme 2, by aminolysis, with
concurrent deprotection of the protecting group PG, for example in the presence of
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aqueous ammonia, suitably under pressure and elevated temperature, for example
between 120°C and 160°C, in a suitable solvent, such as EtOH or MeOH.

0 O
GR‘ 0 \©R:
NH, (aq)

H,C” O “pg M HC™ N

~ Scheme 2 _

Compounds of Formula Ill may be prepared using a Suzuki cross-coupling reaction
between compounds of Formula IV, wherein PG is as defined for Formula Il}, and boronic
acid compounds of Formula V, wherein R' represents fluoro, chloro, CF3 or OCF3,
according to Scheme 3. The compounds of Formula 1V may be heated, for example at a
temperature between 50°C and 100°C, with V in an appropriate solvent such as toluene,
ethanol, DMF or a mixiure thereof, in the presence of a base such as sodium carbonate or
polassium carbonate, and a suitable palladium catalyst. In one aspect, the palladium
catalyst is Bis(triphenylphosphine)palladium(H)chioride.

R1
HO\’B
HO v

_-CF, _
SO, palladium caialyst
PG v base H,C

Scheme 3
Compounds of Formula IV may be prepared from compounds of Formula Vi, wherein PG
is as defined for Formula lil, according to Scheme 4 by treatment of VI with a mid
trifluoromethanesulfonylating agent in a suitable solvent such as dimethylformamide in the
presence of a suitable base such as sodium or potassium carbonate. In one aspect, the
trifluoromethanesulfonylaling agent is N-phenyi-trifluoromethanesulfonimide.
(0] trifluoromethyl-

OH sulfonating agenlk

base

L o
H,C” O “PG

Scheme 4
Cempounds of Formula VI may be prepared from compounds of Formula VI(, wherein PG
is as defined for Formula ill, and PG; is a different hydroxy protecting group from PG by a
selective deprotection reaction of VIl to remove PG,, according to Scheme 5. For
example, when PG; is benzyl, deprotection may be carried out using hydrogenation in the
presence of a suitable catalyst, for example palladium on charcoal, in a suitable solvent
such as ethyl acetate.
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selective deprotection
OPG, - OH

| vi Vi
0 N
H.C” "0 “PG HC™ O PG

Scheme 5

Compounds of Formula VII may be prepared from compounds of Formula VIiil, wherein

PG; is as defined for Formula VI, by a reaction to protect the hydroxy group of Formula

VI with a suitable protecting group PG, according to Scheme 6. For example, when the

protecting group PG is TBDMS, the compound of Formuia Vill may be treated with
TBDMSCI in the presence of a base, e.g. imidazole, in a suitable solvent such as DMF.

0

PG, protection

Scheme 6
Compounds of Farmula VIl may be prepared from the compound of Formula IX,
accerding to Scheme 7. Compound IX may be treated with formaldehyde in the presence
of a suitable base, such as aqueous scdium hydroxide, then the resulting intermediate
product subjected to a protection reaction to introduce PG,. For example, when PG, is
benzyl, the intermediate product may be treated with benzyl chloride or benzyl bromide in
the presence of a suitable catalyst, such as tetra-N-butylammonium bromide.

0 0]
OH 1} HCHO, base OPG,
I [ X 2) protection l } OH Vill
H,C o} H,C 0
Scheme 7

The compound of Formula IX may be prepared from the compound of Formula X
according to Scheme 8 by reaction of {X with zinc in the presence of conc. HC! in a
suitable sofvent, such as water, at elevated temperature, for example between 50°C and
a0°C.

0 0
OH Zn
7 HOL OH
X » X

Q

HC™ 0
Cl
Scheme 8

The compound of Formula X may be prepared from by reacting the compound of Formula
Xl with a chlorinating agent such as thienyl chloride (SOCI;) or phosphoryl chioride
(POC!,) according to Scheme 9.
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OH
| socl,
Xl -

OH

Scheme 9
The boronic acids of Formula V may be prepared from compounds of Formula X,
wherein R' represents fluoro, chloro, CFs or OCF3, according to Scheme 10, by treatment
of Xll with a suitable base such as n-Buli in the presence of tri-isopropylborate in a
suitable solvent such as THF, at hetween -60°C and -78°C, foliowed by acid hydrolysis,
for example with 6N HCI.

(0] o}
O e o T e
Br B

- . )
2) acid hydrolysis HO y

X
Scheme 10

Compounds of Formula Xi may be prepared by Uliman coupling between the 4-
bromophenol compound of Formula XIIt which is commercially available, and iodopheny!
compounds of Formula XIV which are also commercially available, wherein R' represents
fluoro, chloro, CFsor OCF3, according to Scheme 11. Compound XH) may be reacted with
XIV in the presence of a copper(l) sait such as copper(l) chlioride and a base, such as
caesium carbonate and an additive such as 2,2,6 8-tetramethyl-heptane-3,5-dione
(TMHD) in a suitable solvent such as N-methyl-pyrrolidinone (NMP), at elevated
temperature, such as between 80°C and 110°C, for example according to the procedure
described in Ley V. &. and Thomas A. W., (2003) Angew. Chem. Int. Ed 42, 5400-5449.

OH copper(l) salt
additive
R' base

X XV

Scheme 11

Compounds of Formula Ib, which are compounds of Formula | wherein R! represents
fluoro, chloro, CFyor OCF3; R* represents halo; R? represents methyl; and R® represents -
CH,OH, may be prepared from compounds of Formula XV, wherein R represents fluoro,
chloro, CF3 or OCF,, according to Scheme 12 by reaction of XV with an appropriate
halogenating agent such as a halosuccinimide (NBS, NCS), trichloroisocyanuric acid
(TCCA) or bromine in a suitable solvent such as a mixture of dichloromethane and
methanol.
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o 0
1
@ R Halogen
e R
| ] doror
HO N CH
H 3 xv

Schemes 12

Compounds of Formula XV may be prepared from compounds of Formula XVI, wherein
R' represents fluoro, chloro, CF5; or OCF;; according to Scheme 13 by treatment of
compound XV with agueous ammonia in a suitable solvent such as ethanol or methanol,
suitably with heating under pressure, optianally in the presence of microwave radiation. In
one aspect, the reaction is carried out in a steel reactor at elevated temperature for a
period of between 1h and 8h. In another aspect the reaction is carried out at. elevated
temperature in a microwave oven, e.g. for a period of 30 - 90 minutes.

0
Q ° R i ©R1
NH, (aq) ] I
| HO
HO
O CH, XV N O XV

Scheme 13

Compounds of Fermula XV may be prepared using a Suzuki cross-coupling reaction
between the compounds of Formula XVIl, and boronic acid compounds of Formula V,
wherein R' represents fluoro, chloro, CF3; or OCFa, according to Scheme 14. The
compounds of Formula IV may be heated, for example at a temperature between 50°C
and 100°C, with V in an appropriate solvent such as toluene, ethanol, DMF or a mixture
thereof, in the presence of a base such as sodium carbonate or potassium carbonate, and
a suitable palladium catalyst. In one aspect, the palladium catalyst is
Bis(triphenylphosphine)palladium(!l)chloride.

O
1
B

o ~CF HO' v
t | SG, palladium catalyst
HO "Ho
0 CH-_\ XVi) base
Scheme 14

Compounds of Formula XVII may be prepared from compounds of Formula XV,
according to Scheme 15 by treatment of XVII with a mild trifluoromethanesulfonylating
agent in a suitable solvent such as dimethylformamide in the presence of a suitable base
such as sodium or potassium carbonate. In one aspect, the trifluoromethanesulfonylating
agent is N-phenyl-trifluoromethanesulfonimide.
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O ) O
trifluoromethyl- CF
| | OH sulfonating agent | | 0\302/ 3
HO base HO
Scheme 15

The compound of Formuia XVl may be prepared from the compound of Formula XIX
according to Scheme 16 by reaction of XVHI with zinc in the presence of conc. HCl in a
5 suitable solvent, such as water, at elevated temperature, for example between 50°C and

90°C.
Q
OH Zn
| I HCi OH
HO o OH
XIX CH v
Scheme 16

The compound of Formuia XIX may be prepared from the compound of Formula X,
10 according to Scheme 17. Compound XIX may be treated with formaldehyde in the
presence of a suitable base, such as aqueous sodium hydroxide.
Q 0

OH
7 HCHO, base 0 OH

HO
0" HO

CH
XIX
Scheme 17
Compounds of Formula I¢, which are compounds of Formula | wherein R’ represents
15  halo, CF5; or OCF3; R* represents halo, R? represents -HC=N-OR> and R? represents
methyl; and R® represents H or Cy.aalkyl; may be prepared from compounds of Formula
XX, wherein R' represents halo, CF; or OCF;; and R* represents hale; according to
Scheme 18 by reaction of XX with NH;OR® HC!,. wherein R® represents H or C,salkyl; in
the presence of a suitable base, such as pyridine, in a suitable solvent such as EtOH at
20 elevated temperature, for example between 50°C and reflux.

o]
0 . .
R R" NH,OR’ HCI
l [ base
WO XX
o]

Scheme 18
Compounds of Formula XX may be prepared from compounds of Formula la by an
oxidation reaction according to Scheme 19, by treatment of ia with a suitable oxidising

N

il
stereochemistry
of deuble bond not known
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agent such as sulfur trioxide-pyridine complex in the presence of a base such as
triethylamine, in a suitable solvent, for example a mixture of DMSQO and DCM.

0 o
R . R
oxidation R

- L

H.C™ "N
¥ H

g

Scheme 19
5 Compounds of Formula Id, which are compounds of Formula | wherein R’ represents
halo, CF; or OCF3; R* represents halo; R? represents methyl; R® represents -HC=N-OR®;
and R® represents H or Cysalkyl; may be prepared from compounds of Formula XXI,
wherein R’ represents halo, CF; or OCF;; and R* represents halo; according to Scheme
20 by reaction of XXI with NH,OR®HCI,. wherein R® represents H or Cyalkyl; in the
10 presence of a suitable base, such as pyridine, in a suitable solvent such as E{OH at
elevated temperature, for example between 50°C and reflux.

0
! 5
\GR NH,OR® .HC| R

base
XXI
5 “’N
RO stereochemistry
of double bond not known
Scheme 20

Compounds of Formula XXI may be prepared from compounds of Formula lb by an
15  oxidation reaction according {0 Scheme 21, by treatment of la with a suitable oxidising

agent such as sulfur trioxide-pyridine complex in the presence of a base such as

triethylamine, in a suitable solvent, for example a mixture of DMSO and DCM.

(o]
j&
oxidation

Scheme 21
20 Compounds of Formula le, which are compounds of Formula | wherein R’ represents
fluoro, chioro, CF; or OCF3; R® represents halo; R? represents -(CH,),OH, wherein n
represents 3; and R® represents methyl; and R® represents H or C,salkyl; may be
prepared from compounds of Formula XXil, wherein R represents fluoro, chloro, CF; or
OCF,; and R* represents halo; according to Scheme 22 by hydrogenation of XXH in the
25 presence of a suitable catalyst, for example palladium on charcoal, in a suitable solvent,
such as E1OAc.
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0
R’
hydrogenation

XXii

Scheme 22
Compounds of Formula XXIt may be prepared from compounds of Formula XXII!, wherein
R' represents fluoro, CF; or OCFa; R* represents halo; and RY represents alkyl, for
example methyl, ethyl or tert-butyl, according to Scheme 23, by reaction of XXIIl with
DIBAH in a suitable solvent such as THF with cooling, for example between 20°C and
-20°C. This reaction may produce a mixiure of compounds of Formula XXII and le, which
do not require separation or purification before conversion to compounds of Formula le,

o) o)
R 4
@ DIBAH R

—————

XX

Scheme 23
Compounds of Formula XXl may be prepared from compounds of Formula XX as
defined above, according to Scheme 24 by a Wittig reaction of XX by reaction with
(carbalkoxymethylene)-triphenyiphosphorane Ph;P=CHCO,R", wherein R" represents
alkyl, for example methyl, ethyl or tert-butyl, in a suitable solvent such as DCM.

Scheme 24
Compounds Formula | wherein R’ represents fluoro, chloro, CF3 or OCF5; R? represents
halo; R? represents -(CH;),OH, wherein n represents 2 or 4; and R® represents methyl;
and R® represents H or C,.salkyl, may be prepared using an analogous procedure to that
described in Schemes 22-24 for Formula le, that is, by means of a Wittig reaction of

compounds XX, followed by reduction of the thus-formed alkene, for example by

hydrogenation.
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Compounds of Formula I may alternatively be prepared from compounds of Formula
XXIV, wherein R' represents halo, CF, or OCF,, according to Scheme 25 by reductive
opening of XX1V and subsequent cyclisation of the intermediate enamine promoted by, for
example i} hydrogen in the presence of a suitable catalyst such as palladium on activated

" ¢charcoal, or i) by using hexacarbonylmolybdenum in a suitable solvent such as EtOH.

) o 8]
r' reductive opening R
, and cyclisation
° 4 OH H.C | N l o

O—N
Scheme 25
Compounds of Formula XXIV may be prepared from compounds of Formula XXV,
wherein R’ represents halo, CF; or OCF;, by an acylation reaction according to Scheme
26. Compounds XXV may be treated with a suitable base such as either n-BuLi or LDA,
or a mixture of n-BuLt and LDA optionally in the presence of N,N-diisopropylamine and a
suitable lithium sait such as lithium chloride, followed by treatment with an acylating agent,
such as N-methoxy-N-methyl-acetamide or ethyl acetate, at reduced temperature, such as
-60°C to -78°C, in a suitable solvent such as THF.

0 0
@R' acylation \©~R’
—— _—_— O ————
OH XXV / OH XXV

y/
O—N O~N
Scheme 26
Compounds of Formula Il may be obtained from compounds of Formula XXV, without
isolation and purification of intermediate compounds of Formula XXIV.

Compounds of Formula XXV may be prepared by means of a coupling reaction between a
compound of Formula XXV! and Formula V, wherein R’ represents halo, CF5 or OCF;,
according to Scheme 27. Compounds XXVI and V may be reacted together in the
presence of a suitable catalyst such as palladium on activated charcoal or
bis(triphenylphosphine)paliadium(if)chloride in the presence of a suitable base such as
sodium hydrogencarbonate or sodium carbonate, in a suitable solvent such as EtOH or a
mixture of EtOH and toluene, at elevated temperature, such as 70°C to 90°C.

0
ISRt
! OH),B o
/ - —
O—N OH catalyst /
XXVI base O—N OH XXV

Scheme 27
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The compound of Formula XXVl may be prepared by an iodination reaction of a
compound of Formula XXVI| according to Scheme 28. Compound XXVII may be treated
with iodine in the presence of a suitable catalyst such as silver trifluoroacetate, in a
suitable solvent such as DCM, under elevated temperature, for example 30°C to 60°C or
alternatively with iodine monochloride in a suitable solvent such as water in the presence
of a strong organic acid such as trifiucroacetic acid at elevated temperature, for example

60-70°C.
|
W iodination Wi\
Y/ OH 4 QH

O—N O—N
XXVl XXVI
Scheme 28
Cdmpound XXVil may be prepared by reduction of compound XXVIII, which is
commercially available, according to Scheme 29. Compound XXVIil may be treated with
a suitable reducing agent, for example sodium borchydride, in a suitable solvent such as

EtOH.
— 0 —
P reduction m
7 o 7 oH

O~—N
XXvill 7 XXVII
Scheme 29
{t will be readily apparent to those skilled in the art that further compounds of Formula |
may be prepared using methods analogous tc those outlined above, or by reference to the
experimental procedures detailed in the Examples provided herein, or by using methods
anatagous to those previously reported in PCT Patent Application No. WO 91/13873 A1.

Those skilled in the art will appreciate that in the preparation of the compound of Formula
I or a pharmaceutically acceptable derivative thereof, it may be necessary and/or
desirable to protect one or more sensitive groups in the molecule or the appropriate
intermediate to prevent undesirable side reactions. Suitable protecting groups for use
according to the present invention are well known {o those skilled in the art and may be
used in a conventional manner. See, for example, “Protective groups in organic
synthesis” by T.W. Greene and P.G.M. Wuts (John Wiley & sons 1991) or “Protecting
Groups” by P.J. Kocienski {Georg Thieme Verlag 1994). Examples of suitable amino
protecting groups include acyl type protecting groups (e.g. formyl, triflugroacetyl, acetyl),
aromatic urethane type protecting groups (e.g. benzylaxycarbonyl {Cbz) and substituted
Cbz), aliphatic urethane protecting groups {e.g. 9-flucrenylmethoxycarbonyl (Fmoc), t-
butyloxycarbony! (Boc), isopropyloxycarbonyl, cyclohexyloxycarbonyl) and alkyl or aralkyl
type protecting groups (e.g. benzy!, trityl, chiorotrity!). Examples of suitable oxygen
protecting groups may include for example alky silyl groups, such as trimethylsityl or tert-
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butyldimethylsilyl; alkyl ethers such as tetrahydropyranyl or tert-butyl; or esters such as
acetate.

Examples

The following examples illustrate the invention. These examples are not intended to limit
the scope of the invention, but rather to provide guidance to the skilled artisan to prepare
and use the compounds, compositions, and methods of the invention. While particular
embodiments of the invention are described, the skilled artisan will appreciate that various
changes and modifications can be made without departing from the spirit and scope of the
invention.

Experimental section

Intermediate 1 {Bioorganic & Medicinal Chemistry 9, 2001, 563-573)
O

OH

Cl
O

2-(chloromethyl)-5-hydroxy-4H-pyran-4-ocne

To Kojic acid (FLUKA, 1 g) was added thionyl chicride (ALDRICH, 1.027 mL). The yellow
mixture was stirred at room temperature for 2 h. The precipitate was filtered, then washed
with hexane and vacuum dried 1o afford 1.08 g of the title compound as a pale yellow
solid.

'H-NMR(5, ppm, DMSQO-dq): 9.28(bd, 1H); 8.12(s,1H); 6.56(s, 1H): 4.65(s, 2H)

Intermediate 2 {Bioorganic & Medicinal Chemistry 9, 2001, 563-573)
@)

OH

0
5-hydroxy-2-methyl-4H-pyran-4-one
To a suspension of Intermediate 1 (1.07 g) in water {30 mL) at 50°C was added zin¢ dust
{PANREAC, 871 mg). The mixture was heated at 70°C for 1 h. Then HCI cong. {5 mL)
was added dropwise and the mixture heated at 70-80°C for § h. The excess zinc was
removed by hot filtration and the pale yellow filtrate poured onto a mixture ice/water. The
water layer was extracted with dichloromethane (3x30mL) and the combined organic
extracts dried over Na;SO,. Elimination of the solvent in vacuo gave 0.53 g of the title
compound as a pale yellow solid.
'H-NMR(5, ppm, CDCls): 7.76(s, 1H); 6.24(s, 1H); 2.28(s, 3H)
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Intermediate 3 (Bioorganic & Medicinal Chemistry 9, 2001, 563-573; US 6,426,418 B1)

2-{hydroxymethyl)-6-methyi-3-[[phenvimethyoxy]-4H-pyran-4-one

A 1L 3-necked round bottom flask was equipped with a mechanical stirrer and a dropping
funnel. 1N NaOH (498 mL} was added to the flask followed by Intermediate 2 (57.15 g)
portionwise. The reddish mixture was cooled in an ice bath (approx 30 min) and 37%
aqueous formaldehyde solution (ALDRICH, 37.36 mL) was added dropwise (over 30 min)
and the solution allowed to stir at room temperature for 18 h. The mixture was cooled at
0°C and tetra-N-butylammonium bromide (ALDRICH, 365 mg) was added, followed by
benzy! bromide (ALDRICH, 59.2 mL). The solution was heated at 60°C for 2 h, then
cooled to room temperature and stirred overnight. and extracted with dichioromethane
(3x500 mL). The combined organic extracts were washed with saturated aqueous NaCl (1
x 500 mi) and dried over Na;S0Q,, filtered and concentred in vacuo to give 117 g of a pale
yellow solid. This solid was triturated with 80:20 EtOAc/hexane (250 mL), then fiitered.
This procedure was repeated with 70:30 EtOAc/hexane (250 mL) to afford 84.15 g of the
title compound as a white solid after drying under vacuum.

H-NMR(5, ppm, DMSO-dg); 7.38(m, 5H); 6.25(s,1H); 5.43(t, 1H); 5.00(s, 2H); 4.25(d, 2H);
2.25(s, 3H)

intermediate 4

~s
/\
2-{({[(1,1-dimethylethyl){dimethyl}silylloxy}methyl}-6-methyl-3-[(phenyimethyl)oxyl-4H-
pyran-4-one

In a 2L reactor was introduced Intermediate 3 (66.65 g) and dry N,N-dimethylformamide
(500 mL). The mixture was stirred under nitrogen atmosphere to abtain a solution, then
imidazole (55.28 g) and tert-butyldimethyisilyl chloride (48.94 g) were added, followed by
addition of dry N,N-dimethylformamide (50 mL). After stirring for 3 h, ethyt acetate (900
mL)and 1N NH,CI (700 mL) were added. The ftwo layers were partitioned and the organic
layer washed with 1N NH,CI (2x9C0 mL) and brine (900 mL), dried over Na,SQ,, fitered

26

X



10

15

20

25

- 30

WO 2007/138048 ’ PCT/EP2007/055188

and concentrated o dryness under vacuum to give 103.68 g of the title compound as a
pale yellow oil.
'H-NMR(8, ppm, CDCl): 7.35(m, 5H); 6.20(s,1H); 5.16(s, 2H); 4.39(s, 2H); 2.26(s, 3H);

0.87(s, 9H); 0.04 (s, 6H)
Q
Iu]f
. o /%
(9] Si
. 7\

2-({I{1,1-dimethylethyl)(dimethyi)silylljoxyimethyl}-3-hydroxy-6-methyl-4H-pyran-4-one

intermediate 5

To a solution of Intermediate 4 (23.71 g) in ethyl acetate (600 ml) under N, atmosphere
was added palladium 10% w/w on activated charcoal (FLUKA, 700.9 mg). The mixture
was hydrogenated at 1.8 x 10° Pa (1.8 bars) for 3 hours. The catalyst was removed by
filtration and the solvent evaporated to dryness under vacuum to afford 16.72 g of the title
compound.

"H-NMR(8, ppm, CDCl3): 6.43(bd, 1H); 6.23(s,1H); 4.70(s, 2H); 2.32(s, 3H); 0.91 (s, 9H);
0.12 (s, 6H) :

Intermediate 6

2-({J(1 1-dimethyiethy)(dimethylsilylloxyimethyl)-6-methyl-4-oxo-4 H-pyran-3-y!
trifluoromethanesulfonate

In a 500 mL round bottom flask was introduced Intermediate 5 (16.72 g) in dry N,N-
dimethyiformamide (170 mL) and the solution stirred under N, atmosphere for 10 min.
Then N-phenyitrifluoromethanesulfonimide (FLUKA, 23.85 g) -and powdered potassium
carbonate (ALDRICH, 10.68 g) were added in portionwise. After stirring for 1.5 h,
potassium carbonate was removed by filtration and washed with tert-butyl-methyl-ether
{30G mL). The filtrate was difuted with 100 m{ of tert-butyl-methyl-ether and washed with
1N NH,CI (2x400mL.). The aqueous layer was extracted with tert-butyl-methyl-ether (200
mb). The combined corganic exiracts were washed with Na,CO; (3x400 mL) and brine
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(400 mL), dried over MgSQ,, filtered and concentrated in vacuo to give 24.7 g of the litle
compound as a pale orange solid.
'H-NMR(8, ppm, CDCl,): 6.29(s, 1H); 4.6624(s, 2H); 2.34(s, 3H); 0.92 (s, 9H); 0.13 (s, 6H)

Intermediate 7a

0 \Si’%

/\

2-({[(1,1-dimethylethyl{dimethy!silylloxy}methyl)-6-methyl-3-[4-({4-
trifluoromethylloxylphenyllo henyll-4H-pyran-4-one
in a 1L round bottom flask were placed Intermediate 6 (11.8 g) and dry tofuene (30 mL)
and the resulting solution was deoxygenated by bubbling argon through it for 15 min.
Bis(triphenylphosphine)palladium(it)chloride (ALDRICH, 1.03 g) was added and the
mixture was deoxygenated again by bubbling argon through it for 30 min. Then a solution
of Intermediate 19 (10.5 g) in dry ethanol (200 mL) was added. Finally, sodium carbonate
(12.45 g) was added. After heating for 2h and 45 min. at 80°C under argon atmosphere,
the mixture was stirred at room temperature overnight, then filtered and concentrated to
dryness under vacuum. The crude product was dissolved in tert-butylmethylether (700
mL) and washed with 1N NaOH (2x500 mL}), H,O (500 mL) and brine (450 mL), dried over
MgSO,, filtered and concentrated to afford a dark solution which was filtred through a pad
of celite. The resuiting solution was concentrated to dryness to afford a dark oily residue
which was purified by column chromatography on silica gel eluting with mixtures of ethyl
acetlale/hexane (0-50%). 10.3 g of the title compound were obtained as a brown solid.
'H-NMR(8, ppm, CDCl3): 7.28(d. 2H); 7.20(d, 2H); 7.07-7.02(m, 4H); 6.25(s, 1H); 4.39(s,
2H); 2.33(s, 3H); 0.89(s, 9H), 0.05(s, 6H)

Intermediate 7b

O\ %
Si
/

2-({[{1,1-dimethylethyl){dimethy!)silylloxy}methyl)-6-methyl-3-(4-{{3-
(trifluoromethy!)phenyljoxy}phenyl)-4 H-pyran-4-ocne
In a 25 mL 2-neck round bottom flask were placed intermediate 6 (500 mg) and dry

toluene (4 mL) and the resulting solution was deoxygenated by bubbling argon through it
28
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for 15 min. Bis(triphenylphosphine)palladium(il)chloride (ALDRICH, 43.5 mg) and a
solution of Intermediate 20 (420 mg) in dry ethanol (9 mL) were added and the resuilting
mixture was deoxygenated again by bubbling argon for 15 min, then sodium carbonate
(525 mg) was added. After 3 h 15 minutes heating at 80°C under argon atmosphere the
mixture was cooled to room temperature, filtered, washed with toluene/methano! and
concentrated to dryness. The crude product was dissolved in tert-butyl-methyl ether and
washed with 1N NaOH {2x), H,C and NaCH, dried over MgSQ,, filtered and concentrated
to dryness. The caramel oily residue was purified by column chromatography on silica gel
eluting with mixtures ethyl acetate/hexane (0-70%). 460 mg of the title compound were
obtained as a caramel qil.

'H-NMR(3, ppm, CDCls): 7.46(m, 1H); 7.36(m, 1H); 7.32-7.29(m, 3H); 7.24-7.20(m, 1H);
7.05(d, 2H); 6.25(s, 1H); 4.39(s, 2H); 2.33(s, 3H); 0.89(s, 9H); 0.04(s, 6H)

0 OQ £
s
OH

Intermediate 8a

N

H
2-(Hydroxymethyl)-6-methyl-3-[4-({4-[(trifluoromethyhoxylphenylloxy)phenyl]-4(1H)-
pyridinone '
METHOD A

To a solution of Intermediate 7a (10.1 g) in ethanol (60 mL) was added 30% aqueous
ammonia (200 mL). The suspension obtained was placed into a steel reactor and heated
at 140 °C under 20 bars (300 psi) pressure for B.5 h, then aliowed to cool to room
temperature overnight. The precipitale was filtered and washed with H,O (700 mL) and
ethyl acetate (20 mL), and dried under vacuum to afford 5.39 g of the title compound as a
grey powder after drying under vacuum. 'H-NMR(S, ppm, DMSO-ds): 10.84(bd, 1H);
7.39(d, 2H); 7.21(d, 2H), 7.12(d, 2H); 7.02(d, 2H); 5.98(s, 1H); 5.49(bd, 1H); 4.22(s, 2H),
2.24(s, 3H).

METHOD B

A solution of intermediate 23 {0.365g) in dry THF {10mi) was cooled to -75°C under Argon
atmosphere. A solution of n-Buli (1.4 ml, 1.78M in hexanes) was added and the mixture
was stirred under Ar for 40 minutes, then 0.16 ml of N-methoxy-N-methyl-acetamide were
added. The mixture was stirred at -78°C for 3h. HPLC analysis showed there was
remaining starting material. Additional amounts of n-Buli (1.4 ml, 1.78M in hexanes) and
N-methoxy-N-methyl-acetamide (0.050 ml) were added consecutively and the mixture
allowed to stir under Ar atmosphere at -75°C for 1h. 2N HCI (5 m|) was added and the
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mixture stirred at room temperature for 1h, then water (50 ml) and t-BuOMe (50 ml) were
added and the mixture partitioned. The organic layer was washed with water (50 ml), 10%
NaHCO; {50 ml)} and brine (50 ml). It was dried over Na,SQ,, then concentrated to
dryness to afford 0.425g of an orange oil. it was dissolved in t-BuOMe (20 ml} and
aclivated charcoal {0.3g) was added. The mixture was stirred for 3h at room temperature,
filtered and evaporated to dryness. 0.38g of crude material were obtained in this way,
which were used for the next step without further purification. The crude product obtained
as described above (0.38g) was dissolved in  EtOH (20 ml) and 10% palladium on
activated charcoal (50 mg) was added onto the solution. The mixture thus obtained was
hydrogenated for 6h (2 bar pressure of hydrogen). Additional Pd(C) (50 mg) was added
and the mixture hydrogenated under the same conditions for 18h. Filtration of catalyst
and evaporation of the solvent to dryness gave 0.375g of crude product, which was
dissolved in EtOAc (3 ml) and allowed to crystallize at room temperature overnight then in
the fridge for 6 h. The product was filtered and washed with EtOAc and dried under

vacuum. 0.17 g of the title compound were obtained as a white solid.
'H-NMR(5, ppm, DMSO-dg): 10.84(bd, 1H); 7.39(d, 2H); 7.21(d, 2H); 7.12(d, 2H); 7.02(d,
2H); 5.98(s, 1H); 5.48(bd, 1H); 4.22(s, 2H); 2.24(s, 3H).

METHOD C
To a mixture of Intermediate 23 (0.548g) and anhydrous lithium chloride (0.572g) in dry

tetrahydrofuran {15ml) under argon atmosphere was added redistilled diisopropylamine -

(0.63ml) and the mixture cooled to -75°C. A solution of n-Buli (2 ml, 1.7M in hexanes)
was added portionwise and the mixture was stirred under argon atmosphere at -75°C for 1
hour, then N-methoxy-N-methylacetamide (0.225ml) was added dropwise and the mixture
stired at -75°C for 4h. 2N HCI (10 ml) was added and the mixture stirred at room
temperature for 0.5h, then 1N HCI {75 ml) and t-BuOMe (75 ml) were added and the
mixture partitioned. The organic layer was washed with 1N HC! (2x75 ml), 10% NaHCO3
(75 ml), water (75 ml) and brine (75 ml). It was dried over Na,SQ,, filtered and evaporated
to dryness to afford 0.62g of a pale brown oil as a crude product which was used for the
next step without further purification.

The crude product (0.62g) was dissolved in EtOH (25 mi) and 10% palladium on activated
charcoal (60 mg) was added under nitrogen atmosphere onto the solution. The mixture
thus obtained was hydrogenated for 8h {2 bar H; pressure} in a Parr apparatus. Additional
10% palladium on activated charcoal (60 mg) was added and the mixture hydrogenated
under the same conditions for 14h.

The mixture was filtered through a Nylon 0.45 ym membrane and washed with 2:1
CH.Cl./MeOH (3x5ml). Elimination of the solvents to dryness gave 0.61g of crude product
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which were dissolved in EtOAc (5 ml). To this solution was added 1ml of hexane, then
allowed to crystallize at room temperature then placed in the fridge overnight. The solid
obtained was filtered off, washed with 3:2 hexane/ethy! acetate mixture (2x4ml) and dried

under vacuum to give 0.42 g of the titte compound as a white solid. ‘
'H-NMR(8, ppm, DMSQ-dg): 10.84(bd, 1H); 7.39(d, 2H); 7.21(d, 2H); 7.12(d, 2H); 7.02(d;
2H); 5.98(s, 1H); 5.49(bd, 1H); 4.22(s, 2H); 2.24(s, 3H).

METHOD D

A solution of Intermediate 23 (160mg) in dry tetrahydrofuran (2ml) was cocled to -78°C
under argon atmosphere. A solution of n-BuLi (0.44ml, 2.5M in hexanes) was added
dropwise and the mixture was stirred under argon atmosphere for 30 minutes at -78°C,
then N-methoxy-N-methylacetamide (0.056m!) was added and the mixture stirred. After
approx 30 min the mixture turned into a thick gel and the reaction warmed up to -50°C
over 2h to allow the mixture to become more fluid. The reaction mixture was warmed to -
5°C and 6N HCI (10 ml} was added. The mixture was stirred for 2h, then neutralised (to
approx. pH 7-8) with 10% NaHCO; and extracted with t-BuOMe three times. The
combined organic layers were washed with brine, dried over anhydrous Na,SQ,, filtered
and concentrated under vacuum. The residue was purified by chromatography on silica
gel eluting with EtOAc-Hexane 10:90 o 50:50 to afford 45mg (28%) of the starting
Intermediate 23 and 121mg (87%) of 1 -{3-(hydroxymethyl)—4-[4-({4¥
{(trifluoromethyl)oxy]phenyljoxy)phenylj-S-isoxazoiyl}-2-propanone as yellow oil.
1H-NMR(8 ppm, DMSO-ds): 7.34(d, 2H); 7.22(d, 2H); 7.06(d, 2H); 7.05(d, 2H), 4.72(d,
2H); 3.88(s, 2H); 2.45(bs, 2H); 2.26(s, 3H).

The product above described (0.114g) was dissoived in EtOH (20 ml) and 10% palladium
on activated charcoal (15 mg) was added onic the solution. The mixture thus obtained
was hydrogenated for 6h (2 bar H, pressure) in a Parr apparatus. Additional 10%
palladium on activated charcoal (15 mg) was added and the mixture hydrogenated under
the same conditions for 16h.

The mixture was filtered through a nylon 0.45 um filter. Elimination of the solvents to
dryness gave 0.1 g of crude product which was triturated with EtOAc (1 ml). The solid
obtained was filtered off and dried under vacuum to give 0.061 g of the title compound as
a yellowish solid (Intermediate 8a).

'H-NMR(5, ppm, OMSO-dg): 10.97(bd, 1H); 7.39(d, 2H); 7.21(d, 2H); 7.12(d, 2H); 7.02(d,
2H); 5.98(s, 1H); 5.49(bd, 1H); 4.22(s, 2H); 2.24(s, 3H).

Intermediate 8b
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F7IF

2-(Hydroxymethyl}-8-methyl-3-{4-[3-(trifluoromethyl\phenyi}oxy)phenyll-4(1H}-pyridinone
To a solution of Intermediate 7b (455 mg) in ethanol {13 mL) was added 30% agueous
ammonia (60 mL). The suspension obtained was placed into a steel reactor and heated at
140 °C. After 8.5 h of heating, the reactor was allowed to cool to room temperature
overnight. The organic sclvent was removed under vacuum and the resuiting aqueous
solution freeze-dried to afford 316 mg of a brown solid. This solid was washed with ethyl
acetate (12 mL), filtered and dried under vacuum to give 161 mg of the pure compound as
a white solid.

'H-NMR(8, ppm, DMSO-dg): 10.97(bd, 1H); 7.63(1, 1H); 7.48(d, 1H); 7.33-7.30(m, 2H);
7.24(d, 2H); 7.08(d, 2H); 5.96(s, 1H); 5.52(t, 1H); 4.22(s, 2H); 2.24(s, 3H)

intermediate 9 (J. Am. Chem. Soc.; EN; 121; 30; 1999; 7020 - 7025.)

O
OH

HO OH

o)
3-hydroxy-2.8-bis(hydroxymethyl)-4H-pyran-4-cne
In a 100 mL round bottom flask were added Kojic acid (FLUKA, 5 g), 1N NaOH (39 ml)
and H,O (10 mlL). The mixture was cooled (ice/water bath) and 37% aqueous
formaldehyde (ALDRICH, 2.9 mL) was added dropwise. After 34 h at room temperature
aditional 37% aqueous formaldehyde (ALDRICH, 0.5 mL) was added dropwise and the
solution allowed to stir for 18 h. The mixture was acidified by adding concentrated HCI,
and the solvent eliminated to dryness under vacuum to give a crude product which was
freated with chilled water to afford a solid precipitated which was filtered and vacuum
dried. 3.056 g of the titte compound were obtained as a white solid. The filtrate was
concentrated under vacuum and a second crop of solid separated. An additional 1.154 g
of the title compound were obiained.
'H-NMR(8, ppm, CD30D): 6.46(s, 1H); 4.61(s, 2H); 4.43(s, 2H)

Intermediate 10
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HO
o

3-hydroxy-6-(hydroxymethyl}-2-methyl-4H-pyran-4-one

To a suspension of Intermediate 9 (6.56 g) in water (22.8 mL) at 50°C was added zinc
dust (PANREAC, 4.98 g) and HCI conc. (11.43 mL) dropwise and the mixture was heated
at 70-80°C for 5 h. The excess zinc was removed by hot filtration through celite and the
filter cake washed with chilled water. To the aqueous solution was added solid NaClI unti!
a solid separated. This solid was which was filtered off and dried under vacuum to gbtain
3.16g of the title compound.

"H-NMR(5, ppm. DMSO-dg): 8.69(s, 1H); 6.26(s, 1H); 5.63(t, 1H); 4.26(d, 2H); 2.26(s, 3H)

Intermediate 11

6-(hydroxymethyl)-2-methyl-4-ox0-4H-pyran-3-yl triflucromethanesulfonate
To a solution of Intermediate 10 (180 mg) in dry N,N-dimethyiformamide (9 mL) under N,

atmosphere were added potassium carbonate (ALDRICH, 478 mg) and N-
phenyltrifluoromethanesulfonimide (FLUKA, 412 mg). After stirring for 0.5 h at room
temperature, 1N NH,C! was added and the mixture extracted with ethyl acetate. The
organic layer was washed with 1N NH,C! (4x), 0.5N NaOH and brine, dried over Mg,S0Q;,,
filtered and concentred in vacuo. The residue was purified by chromatography (96%
CH,Cl,/MeQH) to afford 166 mg of the title compound as a white solid.

"H-NMR(8, ppm, CDCl,): 6.57(s, 1H); 4.51(d, 2H); 2.83(t, 1H); 2.42(s, 3H)

O
O F
OXF
0 F

0]
6-(hydroxymethy!)-2-methyi-3-[4-({4-[(irifluoromethyl)oxylphenylloxy)phenyl]-4H-pyran-4-
one
In a 2-necked round bottom flask were placed intermediate 11 (160 mg), dry toluene (1.7
mL) and dry ethanol (0.5 mL). The resulting solution was deoxygenated by bubbling N,.
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Tetrakis{triphenylphosphine)palladium(0) (ALDRICH, 38 mg) followed by a solution of
Intermediate 19 {215 mg) in dry ethano! (4 mL) and sodium carbonate (235 mg) were
added. The mixture was deoxygenated under N, atmosphere and heated at 80°C for 4 h,
The mixture was concentrated to dryness, 1N NH,CI and ethyl acetate were added and
stirred for 10 minutes. The aqueous layer was extracted with ethyl acetate and the
combined organic extracts were washed with brine, dried over MgSQ,, filtered and
concentred under vacuum. The crude product was purified by column chromatography
(1%, 2% methanol/dichioromethane) to afford 202 mg of the title compound as orange oil.
'H-NMR(8, ppm, CDCl3): 7.23-7.19(m, 4H), 7.08-7.02(m, 4H); 6.49(s, 1H); 5.30(s, 1H);
4.50(d, 2H); 2.46(t, 1H); 2.24(s, 3H)

Intermediate 12b

F

F™ °F
6-(hvdroxymethyl)-2-methvi-3-(4-{[3(trifluoromethy)phenylloxylphenyl)-4H-pyran-4-one
Intermediate 12b was prepared by a method analogous to that described for Intermediate
12a using Intermediate 11 (2.3 q) in toluene (24 mL),
Bis(tripheny!phosphine jpaltadium(ll)chloride (ALDRICH, 280mg) as catalyst, intermediate
20 (2.7 g) in EtOH (55.86 mL) and sodium carbonate {3.38 g). The mixture was heated at
85 °C for 40 minutes, cooled, filtered through a pad of celite, which was washed with ethyl
acetate and the solvent evaporated. The crude product was dissolved in EtOAc, washed
with NH,Cl 1IN (1x), H2O (1x), NaHCO; sat. (1x) and NaCl! (1x), dried (MgSQ,) and
concentrated under vacuum. Purification by column chromatography (EtQAc-hexane 0-
100%) gave a first fraction of 931mg of the titie compound along with an impure sample
which was further re-purified by column chromatography to afford an additional 510mg of
the title compound as a yellow solid.

'H-NMR(3, ppm, CDCl,): 7.49-7.33(m, 3H); 7.23(m, 3H); 7.05(d, 2H); 6.53(s, 1H), 4.51(s,
2H); 2.25(s, 3H). '

Intermediate 13a

0 © F
T L
o | ) |
H

§-(hydroxymethyl)-2-methyl-3-[4-{{4-[(triflucromethylloxylphenyiloxy iphenvyil-4(1 H)-
pyridinone '
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A suspension of 195 mg of Intermediate 12a in methanol (2 mL) was introduced into a
microwave tube with magnetic stirring. 30% aqueous ammonia (3 mL) and was added and
the resulting suspension heated at 140 °C for 30 minutes under microwave radiation.
Upon cocling, the crude product was diluted with water and filtered under vacuum. The
solid was washed with acetonitrile to give 92 mg of the title compound as an off-white
solid. '

"H-NMR(5, ppm, DMSO-de): 11.09(bd, 1H); 7.39(d, 2H); 7.18(d, 2H); 7.12(d, 2H); 7.02(d,
2H); 6.07(s, 1H); 5.51(bd, 1H}; 4.33 (bd, 2H); 2.10(s, 3H)

Intermediate 13b

0
8]
o .
N F °F
H

6-{hydroxymethyl)-2-methyl-3-{4-{[3-(trifluoromethyl)phenylloxy}pheny!])-4(1 H)-pyridinone
To a solution of intermediate 12b (200 mg} in methanol (1.5 mL) was added commercial
30% aqueous ammonia (3.5 mL) with stirring. The reaction was run at 140 °C for 30
minutes under microwave radiation. Upon cooling, the crude product was diluted with
water and filtered under vacuum. The solid was washed with acetonitrile to give 104 mg
of the title compound as an off-white solid.

"H-NMR(S, ppm, DMSO-dg): 11.08(bs, 1H); 7.62(m, 1H); 7.48(d, 1H); 7.32(m, 2H); 7.21(d,
2H); 7.06(d, 2H); 6.07(m, 1H); 5.5(m, 1H); 4.32(s, 2H); 2.09(s, 3H).

Intermediate 14

5-Chloro-6-methyl-4-0xg-3-[4-({4-[(triflugromethyljoxy]phenyiioxy)phenyl]-1,4-dihydro-2- -

pyridinecarbaldehyde

To a solution of Example 1 (0.506 g) in dichloromethane (5 mL) was added DMSC (3.48
mL) and triethylamine {1.26 mL) dropwise. This mixture was cooled to 0 °C to which was
added sulphur trioxide-pyridine complex in small portions (0.947 g). The reaction
temperature was allowed to warm to room temperature and the mixture stirred for 21
hours. The mixture was diluted with dichioromethane and washed with water {3 x 40 mL).
The organic phase was dried over anhydrous Na,S04 and concentrated under vacuum to
give brown oil which was purified by column chromatography on silica gel by using
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dichloromethane as first eluent, then mixtures methanol/dichloromethane viv 1:600, 1:500,
1:400 and 1:200). A total amount of 424mg of the title compound were obtained after
evaporation of the solvent in the appropriate fractions.

"H NMR (3, ppm, CDCly): 9.66 (s, 1H), 9.03 (bs, 1H), 7.41 (d, 2H), 7.23 (d, 2H), 7.12-7.06
{m, 4H), 2.60 (s, 3H}); [ES MS] m/z 424 (MH"),

o
0
o

N
H

intermediate 15

H
3-Chloro-6-methyl-4-oxo-5-[4-({4-(triflucromethyiloxylphenylloxy)phenyl]-1,4-dihydro-2-
pyridinecarbaldehyde

To a suspension of Example 3 (0.422 g) in dichloromethane {4.25 mL) was added under
argen atmosphere anhydrous DMSO (3 mL). The resulting solution was cooled in an ice-
water bath and friethylamine (1 mL) was added followed by sulphur trioxide-pyridine
complex (0.788 g). The mixture was allowed to warm to room temperature overnight. After
20h of stirring the mixture was washed with water (5x), dried over Na,SO, and
concentrated to dryness. 380 mg of the title compound were obtained as a yellow powder.
'H-NMR(3, ppm, CDCls}: 10.33(s, 1H); 7.22(m, 4H); 7.06(m, 4H); 2.30(s, 3H).

Intermediate 16

dihydro-2-pyridinyl}-2-propenoate

To a solution of Intermediate 14 (0.154g) in dichloromethane (7.20 mL) under argon
atmosphere was added (carbethoxymethylene)-triphenylphosphorane (0.190g). The
reaction mixture was stirred at room temperature for 2 hours, then washed with water {3x5
mL). The organic layer was dried over anhydrous Na,SO. and concentrated under
vacuum to give a mixture of trans/eis a, p-unsaturated esters. The crude product was
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purified by column chromatography on silica gel (eluent CH3;OH/CH,Cl; 0-5%). 0.058 g of
the title product were obtained as a yellow sotid.

'H NMR (3, ppm, CDChy). 13.41 (s, 1H), 7.26 (d, 2H), 7.20 {d, 2H), 7.08 (d, 2H), 7.03 (d,
2H), 6.72 (d, 1H), 6.00 (d, 1H), 4.23 (q, 2H), 2.56 (s, 3H), 1.37 (t, 3H)

Intermediate 17

1-Bromo-4-{{4-I{triflucromethyl)oxylphenyiloxyibenzene

A solution of 4-bromophenol (0.173 g) in 4 mL of 1-methyl-2-pyrrolidone under argon
atmosphere was treated with 4-(triflucromethoxy)iodobenzene (0.313 mL), 2,2,66-
tetramethylheptane-3,5-dione (0.046 mL} and caesium carbonate (0.652 g). The slury
was degassed by bubbling argon for 15 min and copper{l) chloride (0.099 g) was added.
The reaction mixture was degassed by bubbling argen for 15 min, then heated to 100° C
under argon for 5 h. The reaction mixture was ccoled to room temperature and added
dropwise to 30 mL of tert-butyl-methyi-ether. The slurry was filtered and the solids washed
with tert-butyl-methyl-ether (3x20 mL). The combined filtrates were washed subsequently
with 1N NaOH (50 mL.), water (50 mL}, 2N HC! (50 mL}, 1N HC! (50 mL), water (50 mL)
and brine (50 mL). The resulting crganic layer was dried over Na,SO4 and concentrated to
give a crude product which was purified by column chromategraphy on silica gef eluting
with hexane tc afford 0.15 g of the title compound as a colourless liquid.

"H-NMR(d, ppm, CDCls): 7.45(m, 2H); 7.20{m, 2H); 6.99(m, 2H); 6.90(m, 2H)

©°
Br

1-{(4-bromophenyloxy]-3-{trifluoromethyl}benzens

In a 2-neck round bottom flask were added 4-bromophenol (ALDRICH, 500 mg} and 1-
methyl-2-pyrrolidene  (ALDRICH, 12 mL) under argon atmosphere. Then 3-
iodobenzyltrifiuoride (ALDRICH, 1.18 g), 2,2,6,6-tetramethyl-3,5-heptanedions (ALDRICH,
0.133 mL) and powdered caesium carbonate (ALDRICH, 1.88 g) were added and the
mixture was stirred for 15 minutes under argon atmosphere. Finally, copper(l) chioride
(ALDRICH, 143 mg) was added and the mixture was stirred for 20 minutes under argon
atmosphere. The resulting mixture was heated at 105°C for 3.5 h and cooled at room
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temperature. Tert-butyl-methyl ether (60 mL) was added, the mixture was stirred for 15
minutes, fitered to removed the solid (copper saits) and washed with tert-butyl-methyl-
ether. The filtrated was washed with 2N HCI (70 mL), 1N HC! (70 mL), 2N NaOH (2x60
mL) and brine (70 mL), dried over MgSQ,, filtered and evaporated under vacuum to give
964 mg of the title compound.

'H-NMR(8, ppm, CDCly): 7.48(d, 2H); 7.44(d, 1H); 7.36(d, 1H); 7.24(s, 1H); 7.15(m, 2H);
6.91(d, 2H)

Intermediate 19

[4-({4-[( Trifluoromethylloxylphenyiloxyphenyllboronic acid

To a solution of Intermediate 17 (4.53 g} in dry tetrahydrofuran (100 mL) at —75° C was
added triisopropyl borate (4.1 mL). The mixture was cooled to -78°C to which was added
dropwise 1.47M n-butyliithium in hexanes (11.1 mL). The mixture was stirred for 3 hours
at ~78° C, then quenched by addition of 6N HC! (12 mL) and stirred overnight in a bath of
acetone and solid carbon dioxide, during which time the reaction had warmed to room
temperature. The mixture was partitioned between ethyl acetate (200 mL) and water (200
mL), the layers separated and the organic layer washed with water {2 x 200 mL) and brine
(200 mL}, then dried over Na,SQ,, filtered and evaporated to dryness. The solid obtained
was treated with 2N NaOH (60 mL), stirred for several minutes, diluted with water {250
mL) to dissolve the observed white solid precipitate, and the solfution fiitered through a
0.45um nylon filter. The filtrate was washed with pentane (2x200 mL), the aqueous fayer
acidified to pH 1.5 with 6N HCI and the precipitate filtered off, washed with water and
dried under vacuum to give 3.23 g of the title compound as a pale yellow solid.

'H-NMR(d, ppm, CDCl,): 8,01(bs, 2H); 7.85-7.78(m, 2H); 7.43-7.33(m, 2H); 7.15-7.07 (m,

2H); 7.02-6.94(m, 2H).
0
e

i
OH

Intermediate 20

F F
F

4-{[3-(trifiuoromethyl)pheny|loxy}phenyllboronic acid
In a 500 mL round bottom flask were added a solution of Intermediate 18 (17.576 g) in dry
tetrahydrofuran (100 mL) under argon atmosphere, 100 mL more of tetrahydrofuran and
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triisopropyl borate (ALDRICH, 16.63 mL). The mixture was cooled at -78°C and n-
butyliithium 1.65 M (ALDRICH, 40.3 mL) was added dropwise, The solution was stirred at
-78°C for 4 h and 45 minutes, then 6N HCI (55 mL) was added dropwise and the mixture
stirred at room temperature overnight. Tetrahydrofuran was removed at reduced pressure
and tert-butyl-methyl-ether (600 mL) and water (400 mL) were added. The crganic layer
was washed with Na;S$,05 (400 mL), H,O (400 mLi) and brine (400 mL), dried over
MgSQO,, filtered and evaporated under vacuum. To the resulting crude product was added
2N NaOH (325 mL) in order to form the sodium salt and water (600 mL) to dissoive it. The
aqueous solution was extracted with pentane (2x500 mL) to removed some impurities and
it was acidified by addition of 2N HCI (325 mL, pH=1). The white precipitate was filtered,
washed with water and dried under vacuum to give 11.0483 g of the title compound as a
white solid.

"H-NMR(5, ppm, DMSO-dg): 8.04(s, 2H); 7.83(d, 2H); 7.62(m, 1H); 7.49(d, 1H); 7.30(m,
2H); 7.02(d, 2H)

Intermediate 21
HO

AN
\\(Y
N—O
(5-methyl-3-isoxazolyl)methanol
To a suspension of methyl 5-methyl-3-isoxazolecarboxylate (9g, available from ABCR) in

dry ethanol (90ml) in an ice bath under nitrogen, was added portionwise sodium
borohydride (3.6g) and the mixture was stirred at room temperature for 3h. The mixture
was cooled with an ice bath and hydrolized carefully by adding 1N HCI (120ml) until pH<7.
The mixture was concentrated under vacuum in order to eliminate ethano! and the
resulting aqueous solution neutralized with aqueous NaOH (firstly SN, then 1N), until pH
6-7. The aqueous solution was extracted with DCM (6x50 ml) and the combined organic
layers washed with brine (50 ml), dried over sodium sulfate, filtered and concentrated to
dryness to afford the title compound (6g) as a yellowish oil. The aqueous layer was re-
extracted with DCM (3x50 ml) and the new combined organic layers dried again over
sodium sulphate, filtered and the solvent evaporated to dryness. An additional amount
(1g) of the title compound was obtained as a yellowish cil. Both samples (7g total amount)

were used together for the next step.
'H-NMR(8, ppm, CDCI3): 6.03(s, 1H); 4.70(s, 2H); 2.42(s, 3H)

Intermediate 22
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HO |
N
N—O
(4-iodo-5-methyl-3-isoxazelyl)methanol
METHOD A
To a suspension of silver trifluoroacetaté (13.25g) in dry DCM (175 ml) was added at

room temperature a solution of Intermediate 21 (6.25g) in dry DCM (25m!). After 30
minutes of stirring lodine (15.25g) was added portiocnwise and the mixture stirred for 30

minutes at room temperature, then heated to 48°C under nitrogen for 3h. Additional
amounts of silver trifluoroacetate (1.3g} and lodine (1.5g) were added and hseating
continued for 2h, then allowed to stir at room temperature overnight. The mixture was
diluted with DCM (60ml) and filtered off and washed with DCM (3 x 30 ml). The resulting
filtrate and washings were washed successively with water (200 ml), 10% Na,S,Cs (200
ml), 10% NaHCOj; (200 mi), water (200 ml) and brine (200 ml), dried over Na,SQ,, filtered
and concentrated to dryness to afford 14.55g of an oily material which became solid. It
was triturated with heptane (8 ml) and the resulting solid filtered and dried under vacuum.
A first crop (6.2g) of the desired compound was obtained in this way as a white solid. The
combined organic washings were evaporated to dryness to afford 7.5g of an oily residue
which was passed through a short pad of silica gel, eluting with hexane and
hexane/EtOAC 4:1. Evaporation of solvent of the appropriate fractions gave an oily
material which was dissolved in MeOH (15 mi} and treated with 1N HCI (10 ml) and 10%
Na,$,05 (10mi) for 30 minutes. The solvents were eliminated to dryness and the residue
partitioned between EtOAc (150 ml) and 1N HCI (100 ml). The organic layer was washed
successively with 10% Na,S,05 (100 ml), saturated NaHCO; (100 ml) and brine (100 mt),
then dried over Na,S0O,4 and concentrated to dryness to afford 4.75 g of a yellowish solid,
which was triturated with heptane (6 ml), filtered, washed with heptane (4 ml) and dried
under vacuum t¢ obtain a second crop (4.5 g) of the desired compound as a white solid.

METHOD B

To a suspenson of ICl (6.3g) in water (75 mil) was added the hydroxymethyl-
methylisoxazole (3.4g) followed by TFA {11.1 mi). The mixture was heated at 65°C under
nitrogen. After 2h of heating, additional ICl (1g) was added and the mixture heated for
2.5h. The mixture was allowed to cool to room temperature, then diluted with water (150
ml) and treated with 10% NayS;0s (25ml). The mixture was made basic by addition of

-solid Na,CO; (15g) portionwise (pH=7.5-8.0), then extracted with dichloromethane (1x100

mi + 2x75ml). The combined organic fayers were washed with water (80ml) and brine
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(50ml), dried over Na,SO,, filtered and concentrated to dryness to afford 6.58g of the title

compound as a whitish solid (91% yield).
'H-NMR(3, ppm, CDCI3): 4.68(d, 2H); 2.47(s, 3H); 2.12(t, 1H)

OH 0. :
7 O

{5-methyl-4-[4-({4-[(trifluoromethyl}oxy]phenylloxy)pheny|]-3-isoxazalylimethanot

A mixture of Intermediate 22 (5.976g), Intermediate 19 (7.97g) and 10% palladium on
activated charcoal {1.25g) in ethanol {150 ml) was deoxygenated by bubbling nitrogen for
30 min, then 10% NaHCQ, solution {75 mi) was added dropwise onto it. The mixture was
heated to 85°C for Sh under nitrogen atmosphere, then allowed to cool to room

Intermediate 23

temperature and stirred overnight. The mixture was filtered through a nylon membrane
(0.45 um) and the filter cake washed with DCM/MeOH 2:1 (3x75 ml). 1N NaOH (15 m)
was added and the organic solvents removed under reduced pressure. A black solid
appeared, which was eliminated by filtration. The filter cake was washed with some
DCM/MeOH 2:1 mixture. Water (60 ml) was added and elimination of organic solvents
continued to afford an aqueous suspension containing a solid precipitate. The solid was
filtered, then washed with 1N NaOH (3x50 mi) and water (4x50 ml). Once it was dried
under vacuum the solid was washed with heptane (3x50 ml) and finally dried. 8.828g of

the title compound were obtained as a white solid.
'H-NMR(S, ppm, CDCly); 7.37(m, 2H); 7.25(m, 2H); 7.06(m, 4H); 4.72(d, 2H); 2.46(s, 3H);

2.11(t, 1H)
0] © F
F
OH

N
H

3-Chloro-6-(hydroxymethyl)-2-methyl-5-[4-{{4-]{trifluoromethyl}oxylphenylloxy)lphenvil-
4{1H)-pyridinone

Example 1

in a 500 mL round bottom flask was dissolved Intermediate 8a (525 g) in
dichloromethane/methancl viv 2:1 (135 mL). The mixture was cooled at 0°C under argon
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atmosphere with stirring and after 30 min trichloroisocyanuric acid (ALDRICH, 1.26 g) was
added. The solution was stirred under nitrogen atmosphere for 50 minutes, filtered and
washed with dichloromethane/methano! viv 2:1 (60 mL). The filtrate was evaporated fo
dryness, 10% sodium carbonate was added (30 mL) and the mixture was stirred. The
solid was filtered and washed with H,O (100 mL), 10% Na,COQOj3; (2x30 mL), H,O (2x50 mL)
and acetonitrile (2x15 mL and 1x20 mL), dried under vacuum to give 4.66 g of the title
compound as a off-white powder.

'H-NMR & ppm, DMSO-dg: 11.50(bd, 1H); 7.40(d, 2H); 7.24(d, 2H); 7.14(d, 2H); 7.04(d,
2H); 5.58(bd, 1H); 4.23(s, 2H); 2.44(s, 3H). [ES MS] m/z 426 (MH+).

Exampie 2
0]
o)
Cl

L oy

N F F

H F
3-Chioro-6-(hydroxymethyl)-2-methyl-5-[4-({4-[(trifluoromethyl)oxy]phenylloxy)phenvi]-
4{1H}-pyridinone

In a 25 mL round bottom flask was dissolved Intermediate 8b (155 mg) in
dichloromethane/methanol v/iv 2:1 (9 mL). The mixture was cooled at 0°C under argon
atmosphere and trichloroisocyanuric acid (ALDRICH, 40 mg) was added. The solution
was stirred under nitrogen atmosphere al 0°C for 55 minutes, filtered and washed with
dichloromethane/methanol viv 2:1 (13 mL). The filtrate was evaporated to dryness, 10%
sodium carbonate was added and the mixture was stirred. The solid was filtered and
washed with 10% Na,CCj; (2x) and acetonitrile (6 mL), dried under vacuum to give 130
mg of the title compound as a white solid. "

"H-NMR(8, ppm,-DMSO-ds): 11.50(bd, 1H); 7.64(t, 1H); 7.50(d, 1H); 7.34-7.32(m, 2H);
7.26{d, 2H), 7.08(d, 2H}; 5.59(bd, 1H); 4.243(s, 2H); 2.45(s, 3H).

0 © F
. T L
o L)
H

3-chloro-2-(hydroxymethyl)-6-methyl-5-[4-{{4-[(trifluoromethyhoxylphenyl}oxy)phenyll-
4(1H)-pyridingne

To a solution of Intermediate 13a (80 mg) in dichloromethane/methanol viv 2:1 (5 mL) was
added at 0°C under nitrogen trichloroisecyanuric acid (ALDRICH, 19.5 mg}. The solution

Example 3
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was stirred under nitrogen atmosphere at 0°C for 2 h, filtered and washed with
dichloromethane/methanol v/iv 2:1 (60 mL). The filtrate was evaporated to dryness and
purified by chromatography (3, 5 and 10% MeQH/CH,CIl;) to afford 55.1 mg of the title
compound as a white solid.

'H-NMR(3, ppm, DMSO-dg): 11.30(bd, 1H); 7.40(d, 2H); 7.21(d, 2H); 7.14(d, 2H); 7.04(d,
2H), 5.89(bd, 1H); 4.58(s, 2H); 2.16(s, 3H).

¢
o)
cl
o, M F
N F~ F
H

3-chloro-2-(hydroxymethyl)-6-methyl-5-(4-{[3-(trifluoromethyl)phenylloxylphenyl)-4(1 H)-
pyridinone

To a solution of intermediate 13b (214 mg) in mixture dichloromethane/methanol v/v 2:1 at
0 °C, was added frichloroisocyanuric acid (53 mg). The mixture was stirred at this
temperature for 40 min. The crude product was filtered, concentrated and the mixture
obtained was purified by column chromatography (dichloromethane/methanol 5%).
Evaporation of the solvent in the appropriate fractions gave a solid which was triturated
with acetonitrile, filtered and then dried under vacuum to afford the title compound (85 mg)
as a white solid.

'H-NMR(8, ppm, DMSO-dg): 11.31(bs, 1H); 7.64(m, 1H), 7.50(d, 1H); 7.34(m, 2H); 7.21(d,
2H); 7.08(d, 2H); 5.89(m, 1H); 4.58 (m, 2H); 2.16(s, 3H). [ES MS] m/z 410 (MH").

C
O
‘ L

5-Chloro-6-methyl-4-oxo-3-[4:({4-[(trifluoromethyljoxylphenyloxyIphenyll-1,4-dihydro-2-
pyridinecarbaldehyde oxime -

Intermediate 14 (0.204g) and hydroxylamine hydrochloride (0.167g) were mixed in ethanol!
(3.37 mL) under argon atmosphere, then was added pyridine (0.167mL) and heated at
reflux (75-80 °C) for 1 hour. The reaction mixture was concentrated under vacuum to give
a beige powder which was triturated with water and fitered. The solid obtained was
washed with water, and then dried under vacuum to afford 0.166 g of the title compound
as a white powder.

Example 4

Example 5
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"M NMR (8, ppm, CD30D}): 7.66 (s, 1H), 7.31-7.25 (m, 4H), 7.15 (d, 2H), 7.10 (d, 2H), 2.57
(s, 3H). [ES MS] miz 439 (MH").

O
o .
: L
SOPRA!
Pil ~ \O/ F F

5-Chiaro-6-methyl-4-0xo-3-[4-({4-{{trifluoromethyloxy]phenyl}oxy)phenyll-1,4-dihydro-2-
pyridinecarbaldehyde-O-methyloxime (stereochemistry unknown)

Intermediate 14 (0.100g) and methoxylamine hydrochloride (0.079g) were mixed in
ethanol (1.65mL) under argon atmosphere, then was added pyridine (0.078 mL) and
heated at 75 °C for 2 hours. The reaction mixture was concentrated under vacuum to give
syrup which was dissolved in methanol. To this soiution was added a 2:1 mixture of
dichloromethane/hexane. The crude product was concentrated under vacuum ta give
yellow sclid which was filtered and washed with water, and then dried under vacuum to
afford 0.088 g of the title compound as a white powder.

'H NMR (8, ppm, CD40OD). 7.67 (s, 1H), 7.31-7.24 (m, 4H), 7.15-7.07 (m, 4H), 4.02 (s,
3H), 2.60 (s, 3H). [ES MS] m/z 453 (MH")

5 o}
Cl
| TF
N P
HO™ ™= N F™ OF

3-chloro-6-methyl-4-0x0-5-[4-({4-[(trifluoromethylloxylphenylloxy)phenyl]-1,4-dihydro-2-
pyridinecarbaldehyde oxime (stereochemistry unknown)

Intermediate 15 was dissolved under inert atmosphere in EtOH (2.8 ml). Then
hydroxylamine hydrochloride (139 mg) and pyridine (0.139 mbL) were added and the
mixture heated under reflux for aprox 2h. The mixture was cooled and concentrated to
dryness. The resulting crude product was diluted with water and washed several times
with water. The resulting solid was then triturated with acetonitrile for 2 h and then filtered,
washed with acetonitrile and vacuum dried to afford the title compound (50 mg) as an off-
white solid.

'H-NMR(5, ppm, DMSO-d;): 12.35(s, 1H); 11.52(s, 1H); 8.32(s, 1H); 7.40(d, 2H);, 7.20(d,
2H), 7.15(d, 2H); 7.05(d, 2H), 2.17(s, 3H). [ES MS] m/z 439 (MH").

Example 6

Example 7
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Example 8

3-chloro-6-(3-hydroxypropyl}2-methyl-5-[4-{{4-[{ trifluoromethyl}oxylphenyl}oxy)pheny|]-
4(1H}-pyridinone

To a solution of Intermediate 16 (0.113g) in THF (1.50 miL) at 0 °C under argon
atmosphere was slowly added a 1.5 M solution of diisobutyl aluminium hydride in hexane
(DIBAH, 0.89 mL). The reaction mixture was warmed to room temperature and stirred
overnight. After 22 hours the mixture was quenched with water and extracted with ethyl
acetate (3x20 mL). The combined organic layers were washed with brine, dried over
anhydrous Na,SO, and concentrated under reduced pressure to give a brown oily crude
product, which was purified by column chromatography on silica gel (eluent
dichloromethane/methanol, 0-5%). 0.032 g of a mixture of the title product and the
partially hydrogenated 3-hydroxy-1-propenyl derivative were obtained. In order to
complete the reaction, to a solution of this mixture in ethyl acetate (2.5 mL) under N,
atmosphere was added palladium 10% w/w on activated charcoat (0.008 g) and the
solution was allowed to react with 1.38 x 10° Pa (20 psi} of hydrogen gas for 21 hours.
The catalyst was removed by filtration, washing succeésively with ethyl acetate (2x5 mL)
and methanol {1x5 mL) and the solvents were evaporated to dryness under vacuum to
give a black oil, which was purified by column chromatography cn silica gel (eluent
methanol/dichioromethane 0-5% and methanol/diethyl ether 0-5%). 0.013 g of the pure
title product were obtained as a yellow solid.

'H NMR (8, ppm, DMSO): 7.40 (d, 2H), 7.17 (d, 2H), 7.14 (d, 2H}, 7.05 (d, 2H), 3.26-3.24
(m, 2H), 2.38 (s, 5H), 1.63-1.53 (m, 2H). [ES MS] m/z 454 (MH").

Biological Assays
The compounds of this invention may be tested in one of several biological assays to
determine the concentration of compound which is required to have a given

pharmacological effect.

_In vitro anti-malarial activity against Plasmodiumn falciparum.

IC5 assay / [PH)-Hypoxanthine assay

1. Materials
Parasite.
Plasmodium falciparum strains.
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Culture medium. .

The culture medium comprised RPMI 1640 with 25mM HEPES, sodium bicarbonate and
glutamine (GIBCO™ cat. ref.: 52400), supplemented with 10% of pooled human sera AB
(Irvine Scientific, cat. ref.: 5009) and HT supplement (0.15 mM hypoxanthine and 24 uM
thymidine), (GIBCO™ cat. ref.: 41065). Human sera were decomplemented 30 min. at
56°C, aliquoted and stored frozen at -20°C until use in this culture medium.

This culture medium ("complete medium”™) was usually prepared fresh just before use and
pre-warmed to 37°C.

Red Blood Cells.

Red blood cells O+ stock suspensions were prepared from whole blood bags coming from
incomplete blood donation, provided by the Spanish Red Cross (<25 days after sampling).
This "whole blood" was aliquoted and stored at 4°C.

To prepare red blood cells for the assay, the whole blood was centrifuged and washed 3
times with RPMI without serum. The upper phase, containing white blood cells was
removed. The washed red blood cells were kept as a 50 % suspension in complete
medium. The prepared cells were stored at 4°C and were employed in the assay at any
time up to 4 days after preparation.

Il. Compounds.

Compound Preparation

Test compounds were dissolved at 2 mg/ml in 100% DMSO on the day of the assay. If
necessary, complete dissolution was achieved by gentle heating (the mixture was heated
at a temperature <37°C) and sonication (sonication bath).

Before test compounds were added to the parasites, the percentage of DMSQ in the
compound solution was reduced by further dilutions of the solution with culiure medium
prepared in the same way as described above for complete medium, but which did not
contain hypoxanthine. The final concentration of DMSQ in the assay plates was not
permitied to exceed 0.2%, so that it did not produce any detectabie undesired effects on
the development of the parasite. For {Cs determinations, 10 serial 2-fold dilutions were
prepared in complete medium in the presence of a constant amount of DMSQO. Any
obvious signs of insolubility of the stock solutions in 100% DMSQ or precipitation when
these solutions were diluted in assay media, were recorded. '

ill. Plasmodium falciparum culture (parasite)

Plasmodium falciparum strains were maintained in complete medium at an hematocrit of
5% in continuous culture using a method adapted from that published by Trager and
Jensen(1) and Traeger(2).
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The parasitemia was calculated by counting the percentage of parasitized erythrocytes by
optical microscopy. Thin fiims of blood were made every day from each culture flask,
fixed with methanoi and stained for 10 min. in Giemsa (Merck, cat. ref.; 1.09204) at 10 %
in buffered water pH 7.2, The glass slides were observed and counted with an optical
microscope {Nikon, Eclipse E200) equipped with a 100 X immersion oil objective.

The culture was maintained at an hematocrit of 5%, with a daily change of medium and
was diluted when parasitemia had reached about 5%. The parasite population was

asynchronous, composed of a stable proportion (= 70%) of young trophozoites (ring

forms) and showed a regular rate of growth of 3 to 3.5 times the initiat number of parasites
daily.

Growth was achieved in culture flasks {canted neck, Coring) incubated at 37°C under low
oxygen atmosphere (5 % CO;, 5% Oz, 95 % Na).

IV.ICs Assay
[’H] Hypoxanthine incorporation assay was conducted using a method adapted from
Desjardins et al. (3). The assays were performed in 96 wells flat bottom microplates.

1. Serial diiutions of the test compounds (50ul of a 5X solution / well) were deposited in
duplicate. Compounds of the invention were tested in this assay. Chloroquine and
Atovaquone were used as control compounds for each assay.

2. The inoculum was prepared as a suspension of parasitized red blood cells (PRBCs) at
2.5% of hematocrit and 0.5% of parasitemia in culture medium prepared in the same way
as described above for complete medium, but which did not contain hypoxanthine.

3. [H]-Hypoxanthine (Amersham Biosciences, cat. ref. TRK74) was added
extemporaneously to the inoculum suspension at a concentration of 1 uCi/ml (equating to
0.25 uCi /well). 200 ;il of the resulting suspension was distributed into each wel) {ather
than the control well H12 described below) leading to a final volume of 250 nl per well, at
2% of hematocrit and 0.5 % of parasitemia / well.

4. In each plate, 2 columns were reserved for control welis :

¢ Column 11: Positive control wells: PRBCs with 0.2% DMSO - {i) to determine DMSO

solvent effect on parasite growth (at a final concentration of 0.2%) and (ii) to compare

with cultures treated with test compounds.

¢ Column 12 (comprising wells A12-H12):
a7
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A12-D12- Background value wells: Uninfected RBCs ~ blank control to obtain the
background reading from RBCs without parasites.

E12-G12- Solvent effect wells: PRBCs without DMSO - to determine DMSO solvent
effect on PRBCs by comparing these welis with column 11 wells.
H12-Non-radioactive well: PRBCs with cold hypoxanthine - (i) to carry out a thin
blood film to determine parasitemia value after incubation by microscopy and {ii) to
ensure that the parasites have grown properly during the assay. (200 pl of inoculum
suspension was prepared as described above (ltems 2 and 3} but with non-tritiated
hypoxanthine instead of [*H)-hypoxanthine, then added to this well to a final volume of
250 wl).

5. The plates were incubated for 48 hours at 37°C under low oxygen atmosphere. At the
end of the assay, a thin film was made with the non-radicactive sample {well H12) for a
visual control of the development of the parasites. Incorporation was stopped by freezing
the plates overnight at —80°C.

6. The growth was quantified by measuring the level of incorporation of [’Hl-hypoxanthine
into the nucleic acids of the parasite. After thawing the plates, the content of the weils
was harvested on glass fibre filters (Wallac, cat. ref. 1450-421) with a semi-automated
cell-harvester (Harvester 96, TOMTEC). The filters were dried and treated with a Melt-on
scintillator (Meltilex® A, PerkinElmer cat. ref.: 1450-441). Incorporation of radioactivity was
measured with a p-counter (Wallac Microbeta, PerkinElmer).

The assays were repeated at least three independent times.
V. Analysis of the data

The value of each well was corrected by subtracting the background vaiue from the
absolute value. Background was calculated for each plate as the average value in cpm of
the uninfected control wells.

For each concentration of a given test compound, the average (mean) value of the
duplicate samples was calcuiated.

For each concentration of each test compound, the percentage of inhibition was then
calculated by comparison with the value obtained from a control welt containing PRBCs
which was diluted with DMSO to achieve the same well volume but in the absence of test
compound. The control well used here is the column 11 well described above (taking a
mean value over all column 11 wells).

Analysis of the data were performed using Excel and GraphPad Prism 3.0 software.
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Results wére expressed as the average + standard deviation of at least 3 independent
experiments performed on different days.

vl
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Compound solubility determination

(. Materials

Compounds
An amount of 3 mg solid compound with LC-MS purity 2 95% was required. This amount

was split between 3 different glass vials (1.8 ml volume each), placing 1 mg compound
into each one.

Solvents and buffers

Organic solvents of HPLC grade were used. Ultra pure water (Milli-Q grade) was used.
Buffers were prepared with ultra pure water and filtered using 0.45 u nylon filters. The
compositions of each solvent employed in this assay are described below (part lI1).

. Procedures.

1.

f)

Procedure for gross solubility determination:
100 ul of solvent was added to each viai with a digital pipette (Eppendorf Research
pro).
The mixture was subsequently subjected to vortexing for 1 min and sonicated for 5
minutes.
Steps a) and b) were repeated untit a final volume of 1 ml was reached in each vial.
A microscope was used to examine the sample in each vial.
The solubility of the compound in each sample was calculated as < the final
concentration after all of the sample has dissolved and > the concentration before the
last solvent addition.
The solubility of the compound was calculated to be the mean value of the three vial
samples.
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2. Determination of equilibrium solubility (assuming chemical stability in the
desired solvent is not a problem).

For each of the three vial samples prepared as described above, in which the amount of

compound was totaily dissolved, the following procedure was subsequently carried out:

a) A small amount (approx. 0.1mg) of additional solid compound was added to the vial to
maintain an excess of the compound in the mixture in the form of undissolved solid.

b) The samples were magnetically stirred for 24 hr. If required, additional solid
compound (0.1 mg) was added to maintain excess of it and then the samples were
stirred again.

c) Then the samples were filtered (Millipore Milex filters nylon 0.2 um) and three aliquots
were taken (one from each of the three vials) and analysed by LC-MS.

d) The pH of the final solution in each sample was measured with a pH-meter {(WTW
pH330i and a pH-electrode Sentix 41).

3. LC-MS assay for analytical quantification

All filtered aliquots were analysed by LC-MS. The analysis was carried out with a Luna
5uC18(2) column 4.6x150 mm, using a HP1100 HPLC instrument interfaced with a
Waters ZMD-2000 MS spectrometer. The concentration of the final sample as prepared
above was calcuiated from that of a reference calibration curve obtained from serial
dilutions of a 2 mM solution of the compound under investigation in DMSO (Aldrich cat.
ref.; 27685-5) stock solution.

4, Analysis of data

The analysis of all LC-MS data was performed with MassLynx 3.4 software. Statistical
and graphic analysis of data was performed using Microsoft Excel. The concentration
(uM) and solubility (pg/ml) for each compound was calculated using the peak areas from
the sample and those from the calibration curve. '

Hl. Compositions of solvents used in these assays.
A) FaSSIF is a solvent which simulates the Fasted State of the Intestinal Fluid.

(FaSSIF: Fasted State Simulated Intestinal Fluid). Its composition is as given in the table
below.

Gomposition of FaSSIF and the pH 6.8 buffer used in FaSSIF

Composition of FaSSIF
Conc. Quantity per 100 ml
NaTaurochol. 5mM 269mg
Lecithin 1.5 mM 114 mg
pH 6.8 Buffer Qs Qs 100 m
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Cbmposition of pH 6.8 Buffer

Conc. Quantity per L
KH,PO, 0.020 M 3.8479
KCI 0.22M 16.401 g
NaQH Qs pH 6.8
Water N/A Qs 1L

FaSSIF Preparation procedure.

1. Preparation of 1 L of pH 6.8 buffer solution

1.a. 3.947 g potassium phosphate and 16.401 g potassium chloride were dissolved in
approx. 900 ml of water.

1.b.  The pH was adjusted to 6.8 by slow additicn of 0.1N sodium hydroxide (Scharlau
SO 0441010C) under magnetic stirring.

1.¢c The mixture was diluted to a volume of 1000m| with water.

2. Preparation of 100 ml of FaSSIF

2.a. 269 mg NaTaurochol. (Aldrich T-4009) was dissclved in approx. 80 ml of pH €.8
buffer.

2.b. 114 mg lecithin (Sigma P-7318) was dissolved in this NaTaurochol/buffer solution

(this was carried out with a nitrogen filled giove bag).
2.c. The resulting mixture was diluted to a volume of 100 ml with further pH 6.8 buffer

2.d. The final solution was covered with a layer of nitrogen or alternative inert gas. The
bottle was sealed with parafilm and stored at 4°C.

B) FeSSIF is a solvent which simulates the Fed State of the Intestinal Fluid.
(FeSSIF: Fed State Simulated Intestinal Fluid). lts composition is as given in the table
below.

Composition of FeSSIF and the pH 5.0 buffer used in FeSSIF

Composition of FeSSIF
Conc. Quantity per 100 ml
NaTaurochol. 18mM B06.5mg
Lecithin 3.8 mM 288 mg
| pH 5.0 Buffer Qs Qs 100 m!
! Composition of pH 5.0 Buffer
| Conc. Quantity per L
| Glacial Aceticacid | 0.137 M 8.250ml
KCl ~ |o0.20M 15.2 g
NaQH Qs pH 5.0
Water : N/A Qs 1L
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Reference(s): Galia, Nicolaides, Horter, Lobenberg, Reppas, and Oressman -
Pharmaceutical Research, Vol. 15, No. 5, 1998

FeSSIF Preparation procedure.
1. Prepare 1 L of pH 5 buffer solution
1.a. 15.2 g potassium chloride and 8.25 ml glacial acetic acid were dissolved in approx.
900 ml of water.
1.b. The pH was adjusted to 5 by slow addition of NaOH 0.1N (Scharlau SO
0441010C) under magnetic stirring.
1.c The mixture was diluted to a volume of 1000 mi with water.

2. Preparation of 100 mL of FeSSIF

2.a. 806.5 mg NaTaurocho! {Aldrich T-4009) was dissolved in 80 ml of pH S buffer.

2.b. 288 mg lecithin (Sigma P-7318) was dissolved in this NaTaurochol/buffer solution
(carried out with a nitrogen filled glove bag).

2.c. The resulting solution was diluted to a volume of 100 m! with pH 5 buffer.

2.d.  The final solution was covered with a layer of nitrogen or alternative inert gas. The
bottle was sealed with parafilm and stored at 4°C.

C) Solubility at pH 7.4 was determined in phosphate buffered saline (PBS) (Fluka cat. ref.:
79383) ,

D) Solubility at pH 1.0 was determined in 0.1N HCI solution (Scharlau AL0744010C)
E) Solubility at pH 4.5 was determined in sodium citrate 0.5M solution. (Aldrich 25,127-5)

Results of in vitro activity assay and solubility determination assays

In_vitro assay

All Examples of the present invention (Examples 1-8) described hereinabove were found
to have an ICsp value of less than 75 ng/mi.

Solubility determination assays

The solubility of all Examples of the present invention (Examples 1-8) was tested in each
of the two solvents FaSSIF and FeSSIF. The data are shown in the table below.
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Key to Table

S = solubility in ng/ml

s<1 .
1<8<5 -
5<8<10

10<S5<50 -
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Claims

1. A compound of Formula I:

Wherein:

R' represents halo, CF;0r OCF;;

R* represents halo;

One of R? and R® represents methyl and the other represents -(CH,),OH or -HC=N-OR?>;

R®represents H or Cy.salky!;

n respresents 4,

or a pharmaceutically acceptable derivative thereof.

2. A compound or a pharmaceutically acceptable derivative thereof according to
claim 1 wherein R' represents Br, CI, F, CF;or OCF;.

3. A compound or a pharmaceutically acceptable derivative thereof according to
claim 1 or claim 2 wherein R* represents Br or Cl.

4. A compound or a pharmaceutically acceptable derivative thereof according to any
preceding claim wherein one of R? and R® represents methyl and the other
represents -(CH,),OH, wherein n represents 1-4,

5. A compound or a pharmaceutically acceptable derivative thereof according to any
preceding claim wherein R® represents methyl and R? represents -{CH,),OH,
wherein n represents 1-4.

6. A compound or a pharmaceutically acceptable derivative thereof according to any
preceding claim wherein R’ represents H or methyl.
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7.

8.

A compound or a pharmaceutically acceptable derivative thereof according to any
preceding claim wherein n represents 1 or 3.

A compound according to claim 1, or a pharmaceutically acceptable derivative
thereof, wherein the compound is selected from the group consisting of:

3-Chloro-8-(hydroxymethyl}-2-methyl-5-[4-({4-[{trifluoromethyl)oxy]phenyi}oxy )phenyl}-
4(1H)-pyridinone;
3-Chloro-6-(hydroxymethyl)-2-methyl-5-[4-({4-[(triflucromethyl)oxy]phenyl}oxy)phenyl]-
4{1H)-pyridinone;
3-chloro-2-(hydroxymethyl)-6-methyl-5-[4-({4-[(triflucromethyl)oxy]phenyl}oxy)phenyl]-
4{1H)-pyridincne; '
3-chloro-2-(hydroxymethyl)-6-methyl-5-(4-{[3-(trifluoromethyl)phenylJoxylphenyl)-4(1H)-
pyridinone; '
5-Chlora-6-methyl-4-oxo-3-[4-({4-[(trifluoromethyl)oxy]phenyiloxy )phenyl]-1,4-dihydro-2-
pyridinecarbaldehyde oxime; A
5-Chloro-6-methyl-4-oxo-3-[4-({4-[(triflucromethyl}oxy]phenyl}oxy)phenyl]-1,4-dihydro-2-
pyridinecarbaldehyde-O-methyloxime;
3-chloro-6-methyl-4-0x0-5-{4-({4-[(trifluocromethyl)oxy]phenyl}oxy)phenyl]-1,4-dihydro-2-
pyridinecarbaldehyde oxime; and
3-chloro-6-(3-hydroxypropyl}-2-methyl-5-[4-({4-((trifluoromethyl)oxy]phenyl}oxy)phenyl]-
4(1H)-pyridinone.

9.

A compound which is:

3-Chloro-6-(hydroxymethyl}-2-methyl-5-[4-({4-[(trifluoromethyi)oxy]phenyl}oxy)phenyl}-
4(1H)-pyridinone.

10.

11.

12.

13.

A compound or a pharmaceutically acceptable derivalive thereof according to any
one of claims 1-9 for use in medical therapy.

Use of a compound or a pharmaceutically acceptable derivative thereof according
to any one of claims 1-9 in the manufacture of a medicament for the treatment of

malaria.

Use as in claim 11 wherein malaria is caused by infection with Plasmodium
falciparum.

A method for the treatment of a human or animal subject suffering from malaria
comprising administering to said human or animal subject an effective amount of a
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compound or a pharmaceutically acceptable derivative therecf according to any
one of claims 1-9.

14. A method according to claim 13 wherein malaria is caused by infection with
Plasmodium falciparum.

15. A pharmaceutical composition comprising @ compound or a pharmaceutically
acceptable derivative thereof according to any one of claims 1-9 and one or more
pharmaceutically acceptable carriers and/or excipients.

16. A process for the preparation of compounds of Formula | as defined in claim 1,
comprising:

(A) Reacting a compound of Formula Il, wherein R' represents halo, CF3 or OCF3, with a
halogen donor;

O
0] 1
@'R Halogen

| [ donor
Hac N
H

or :
(B) Reacting a compound of Formula XV, wherein R' represents fluoro, chloro, CF; or
OCF,;, with a halogen donor;

@]
’
@'R Halogen
————

donor

N G XV

or

(C) reacting a compound of Formula XX, wherein R’ represents halo, CF;or OCF;, and R*
represents halo, with NH,OR®.HCI, wherein R® represents H or Ci.3alky!, in the presence
of a suitable base;

0
RS R NH,OR" HC!

I I base

N
o XX

or
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(D) reacting a compound of Formula XXI, wherein R' represents halo, CF3 or OCF3, and

R? represents halo, with NH,OR®HCI, wherein R® represents H or C,salkyl, in the
presence of a suitable base;

o .
1 B
\T::EE}R NH,OR® HC! R

base

5 orse N

or
(E) subjecting a compound of Formula XXII, wherein R' represents fluoro, chloro, CF3or
OCF3, and R* represents halo; to a hydrogenation reaction in the presence of a suitable

catalyst.
o]
1
R? \[E}R
hydroganation | }
HC N le
OH

10
17. A process of preparing a compound of Formula Il, wherein R represents halo, CF3
or OCF3, by reductive opening of a compound of Formula XXIV, followed by
cyclisation of the intermediate enamine under suitable conditions.
o o 0
r' reductive opening R’
and cyclisation
0 % OH c | N I oH
5 O—N XXIV H, N i

18. A process according ta claim 17, wherein the compound of Formula XXIV is
prepared by acylating a compound of Formula XXV.

0] o]
\©~R1 acylation @»R’
OH XXV O—J CH XXIV

O—N
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NUEVOS COMPUESTOS HETEROCICLICOS
CAMPO DE LA INVENCION
La invencion se refiere a compuestos heterociclicos y a su uso en

quimioterapia. Mas especificamente, esta invencién se refiere a ciertos derivados

de 4-piridona (4-piridinona), a procesos para su preparacion, a formulaciones

farmacéuticas de los mismos y a su uso en quimioterapia de ciertas infecciones
parasitarias tales como malaria, y en particular infeccion por Plasmodium
falciparum.

ANTECEDENTES DE LA INVENCION

Las infecciones parasitarias por protozoos son responsables de una gran -

diversidad de enfermedades de importancia medica y veterinaria, incluyendo
malaria en seres humanes y diversas coccidiosis en pajaros, peces y mamiferos.
Muchas de estas enfermedades son potencialmente letales para e! hospedador y
provocan pérdidas econémicas considerables en la agricultura animal, tales como
especies de Eimeria, Theileria, Babesia, Cryptosporidium, Toxoplasma (tal como
Toxoplasma brucei, Enfermedad Africana del Suefo y Toxoplasma cruzi,
Enfermedad de Chagas) y Plasmodium (tal como Plasmodium falciparum) y la
Mastigofora tal como especies de Leishmania (tal como Leishmania donovani). Otro
organismo parasitario de interés creciente es Pneumocytis carinii, que normalmente
puede provocar neumonia fatal en hospedadores inmunodeficientes o
inmunocomprometidos, incluyendo los que estan infectados con VIH.

La malaria es uno de los principales problemas de enfermedad del mundo
en vias de desarrollo. El parasito que provoca la malaria mas virulento en los seres

humanos es el parasito Plasmodium falciparum, que es la causa de cientos de

‘millones de casos de malaria al afio, y se cree que provoca mas de 1 millén de

muertes al afo, Breman, J. G., et al, (2001) Am. Trop. Med. Hyg. 64, 1-11. Un
problema encontrado en el tratamiento de la malaria es el aumento de la resistencia
del parasito a los farmacos disponibles. De esta manera, existe una necesidad de
desarrollar nuevos farmacos antimalaria.

En la patente de Estados Unidos N° 3.206.358 se describe un grupo de
derivados de 3,5-dihalo-2,6-dialquil-4-piridinol (la forma tautomérica de 4-piridonas)
que tiene actividad anticoccidial.

La Solicitud de Patente Europea N° 123239 describe combinaciones de los
derivados de 4-piridinol mencionados anteriormente con  naftoquinonas

antiprotozoarias, por ejemplo naftoquinonas antimalaria, en una relacidon de
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potenciacién. ,

La Solicitud de Patente PCT N° WO 91/13873 A1 describe una clase de
derivados de 4-piridona que muestran actividad contra pratozoos, en particular
contra el parasito de la malaria Plasmodium falciparum, y especies de Eimeria asi
como el organismo parasitario Pneumocytis carinii. Se ha descubierto que los
compuestos de acuerdo con la presente invencion, descritos genéricamente en el,
documento WO 91/13873 A1, y que tienen un patron de sustitucién especifico,
muestran propiedades mejoradas sobre los compuestos descritos especificamente
en el documento WO 91/13873 A1,

SUMARIO DE LA INVENCION

Esta invencion se refiere a ciertos derivados de 4-piridona, a procesos para
su preparacion, a composiciones farmacéuticas que comprenden tales compuestos
y al uso de los compuestos en la quimioterapia de ciertas infecciones parasitarias
tales como malaria, y en particular infeccion por Plasmodium falciparum.

DESCRIPCION DETALLADA DE LA INVENCION

La presente invencion proporciona un compuesto de Formula |

en la que:

R’ representa halo, CF; u OCFs5;

R* representa halo;

Uno de R? y R® representa metilo y el otro rep»resenta -(CH,),-OH o -HC=N-
OR?;

R® representa H o -alquilo C.4;

n representa 1-4,

o un derivado farmacéuticamente aceptable del mismo.
Términos y Definiciones

Como se usa en este documento, el término “alquilo”, como un grupo o
como parte de un grupo, se refiere a un grupo de hidrocarburo lineal o ramificado,

saturado, que contiene el nimero especificado de atomos de carbono; los ejemplos
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de tales grupos incluyen metilo, etilo, propile, isopropilo, n-butilo, sec-butilo,
isobutilo, terc-butilo y similares.

Como se usa en este documento, el término “halo” se refiere a un grupo
fltor, cloro, bromo o yodo.

Todos los aspectos y realizaciones de la invencion descritos en este
documento se refieren a compuestos de Férmula I, a menos que se indique otra
cosa.

R' representa un sustituyente en cualquier posicién del anillo fenifo. En un
aspecto de la invencion, R' representa un sustituyente en la posicién meta o para
del anillo fenilo. En otro aspecto de la invencion, R representa un sustituyente en la
posicién para del anillo fenilo. '

En un aspecto de la invencidn, R' representa Br, Cl, F, CF; u OCF3. En otro
aspecto de la invencion, R representa Cl, F, CF; u OCF;. En un aspecto mas de la
invencion, R' representa CF; u OCF;. En otro aspecto mas de la invencion, R’
representa OCF;.

En un aspecto de la invencion, R* representa Br o Cl. En otro aspecto de la
invencién, R* representa Cl.

En un aspecto de la invencion, uno de R? y R® representa metilo y el otro
representa -(CH,),OH: en otro aspecto, uno de R? y R? representa metilo y el otro
representa -HC=N-OR®.

En un aspecto de la invencién, R? representa metilo y R® representa -
(CH,),OH o -HC=N-OR?®. En otro aspecto de la invencién, R? representa metilo y R®
representa -(CH,),OH.

En otro aspecto de la invencion, R® representa metilo y R? representa -
(CH,),OH o -HC=N-OR®. En otro aspecto de la invencién, R* representa metilo y R
representa -(CH;),OH.

En un aspecto de la invencion, R’ representa H o metilo.

En un aspecto de la invencién, n representa 1 & 3. En otro aspecto de la
invencién, n representa 1.

Eil significado de cualquier grupo funcional ¢ sustituyente del mismo en
cualquier aparicién en la Férmula |, o cualquier subférmula de la misma, es
independiente de su significado, o del significado de cualquier otro grupo funcional
o sustituyente, en cualquier otra aparicién, a menos que se indique otra cosa. Debe
apreciarse que la presente invencién incluye todas las combinaciones de los grupos

de acuerdo con los diferentes aspectos de la invencion que se han descrito
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En un aspecto de la invencién, se proporciona un compuesto, o un derivado |
farmacéuticamente aceptable del mismo, donde dicho compuesto se selecciona
entre el grupo que consiste en; N

3-Cloro-6-(hidroximetil)-2-metil-5-[4-({4-[(trifluorometil)oxilfenil}oxi)fenil]-
4(1H)-pirimidinona;

3-Clore-6-(hidroximetil)-2-metil-5-[4-({4-[(trifluorometil}oxi]fenil}oxi)fenil]-
4(1H)-pirimidinona,

3-cloro-2-(hidroximetil)-8-metil-5-[4-({4-[{trifluorometil}oxi]fenil}oxi)fenil)-
4(1H)-pirimidinona;

3-cloro-2-{hidroximetil)}-y-metil-5-(4-{[3-(trifluorometil yfenilloxi}fenil)-4 (1H)-
piridinona;

5-Ctloro-6-metil-4-oxo- 3-[4-({4-[(trifluorometil)oxilfenil}oxi)fenil]- 1,4-dihidro-2-
piridinacarbaldehido oxima;

5-Cloro-6-metil-4-oxo-3-[4-({4-[{trifluorometil)oxilfenil}oxi)fenil]-1,4-dihidro-2-
piridinacarbaldehido-O-metiloxima;

3-cloro-6-metil-4-oxo-5-[4-({4-[(triflucrometil)oxi]fenil}oxi)fenil]-1,4-dihidro-
piridinacarbaldehido oxima, y

3-cloro-6-(3-hidroxipropil)-2-metil-5-[4-({4-[(trifluorometil)oxi]fenil}oxi)fenii]-
4(1H)-piridinona.

Como se usa en este documento, la expresion “derivado farmacéuticamente
aceptable” se refiere a cualquier sal farmacéuticamente aceptable, solvato o
profarmaco, por ejemplo éster o carbamato, de un compuesto de Férmula |, que
después de la administracién al receptor es capaz de proporcionar (directa o
indirectamente) un compuesto de Farmula |, o un metabolito o resto activo del
mismo. Tales derivados pueden reconocerse por los especialistas en la técnica, sin
experimentacion excesiva. Sin embargo, se hace referencia a las ensefianzas de
Burger's Medicinal Chemistry and Drug Discovery, 52 Edicion, Vol 1: Principles and
Practice, que se incorpora en este documento como referencia hasta el punto en el
que se muestran tales derivados. En un aspecto de la invencién, son derivados
farmacéuticamente aceptables sales, solvatos, ésteres y carbamatos. En otro
aspecto de la invencion, son derivados farmacéuticamente aceptables sales,
solvatos y ésteres. En un aspecto adicional, son derivados farmacéuticamente
aceptables sales y solvatos. En ofro aspecto adicional, los derivados

farmacéuticamente aceptables son sales. En un aspecto, los derivados
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farmacéuticamente aceptables en el nitrogeno del anillo piridinona incluyen -O-
alquilo C.¢ y -O(CO)alquilo C,.6. En otro aspecto, cuando R? o R® es -(CH,),OH, los
derivados farmacéuticamente aceptables del grupo OH de R? o R? incluyen -
O(CO)alquilo Cys (por ejemplo, -O(CO)CH3) y -O(CO)N(alquil Cis)-alquil Cq.p-
N*H;(alquilo C16)). En un aspecto adicional, los derivados farmacéuticamente
aceptables en el grupo hidroxi de la forma tautomérica 4-piridinol incluyen -
O(CO)alquilec Cis {por ejemplo, O(CO)CHjs) y -O(CO)N(alquil Ci.4)-alquil Ci.o-
N*H,(alquilo Cy.5)).

Un éster de un compuesto de Formula | puede ser hidrolizable en
condiciones in vivo en el cuerpo humano. Los grupos éster hidrolizables in vivo
farmacéuticamente aceptables incluyen los que se descomponen facilmente en el
cuerpo humano para dejar el acido parental o la sal del mismo. Un éster puede
formarse en un grupo hidroxi (OH) de un compuesto de Férmula | usando métodos
bien conocidos en la técnica que implican reaccion con el acido correspondiente.
Por ejemplo, los ésteres pueden ser ésteres de alquilo Cy.5, donde el grupo alquilo
es como se ha definido en este documento, por ejemplo ésteres metilicos, ésteres
etilicos y similares.

Se apreciara que pueden prepararse sales farmacéuticamente aceptables
de los compuestos de acuerdo con la Férmula |, ya que los compuestos de la
invencidon son poco anféteros. De hecho, en ciertas realizaciones de la invencién,
pueden preferirse sales farmacéuticamente aceptables de los compuestos de
acuerdo con la Formula | sobre la base libre o acido libre respectivo debido a que
tales sales otorgan una mayor estabilidad ¢ solubilidad a la molécula, facilitando por
tanto la formulacion en una forma de dosificacion.

Los compuestos de la presente invencion también pueden administrarse en
forma de una sal farmacéuticamente aceptable. Por consiguiente, la invencién se
refiere adicionalmente a sales farmacéuticamente aceptables de los compuestes de
acuerdo con la Férmula |.

Como se usa en este documento, la expresion “sales farmacéuticamente
aceptables” se refiere a sales que conservan la actividad bioldgica deseada del
presente compuestc y muestran efectos toxicolégicos indeseados minimos. Para
una revisic’:n schre sales adecuadas véase Berge et al, J. Pharm. Sci., 1977, 66, 1-
19. La expresion “sales farmacéuticamente aceptables” incluye sales de adicién de
acidos farmacéuticamente aceptables y sales de adicion de bases

farmacéuticamente aceptables. Estas sales farmacéuticamente aceptables pueden
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prepararse in situ durante el aislamiento y purificacion finales del compuesto, o
haciendo reaccionar por separado el compuesto purificade en su forma de acido
libre 0 de base libre con una base ¢ acide adecuado, respectivamente. La sal puede
precipitar de la solucion y recogerse por filtracion o puede recuperarse por
evaporacion del disolvente.

En ciertas realizaciones, los compuestos de acuerdo con la Férmula |
pueden contener un grupo funcional acido y por lo tanto pueden ser capaces de
formar sales de adicién de bases farmacéuticamente aceptables por tratamiento
con una base adecuada. Una sal de adicion de bases farmacéuticamente aceptable
puede formarse por reaccion de un compuesto de Férmula | con una base
inorganica u organica adecuada, opcionalmente en un disolvente adecuado tal
como un disolvente organico, para dar la sal de adicion de bases que normalmente
se aisla, por ejemplo por cristalizacion y filtracion. Las sales de bases
farmacéuticamente aceptables incluyen sales de metales farmacéuticamente
aceptables, por ejemplo sales de wmetales alcalinos o alcalinotérreos
farmacéuticamente aceptables tales como hidroxidos, sodio, potasio vy litio.

En ciertas realizaciones, los compuestos de acuerdo con la Formula |
pueden contener un grupo funcional basico y por lo tanto pueden ser capaces de
formar sales de adicién de acidos farmacéuticamente aceptables por tratamiento
con un acido adecuado. Una sal de adicion de acidos farmacéuticamente aceptable
puede formarse por reaccion de un compuesto de Férmula | con un &cido
inorganico u organico fuerte (tal como acido bromhidrico, clorhidrico, sulfirico,
nitrico, fosforico, perclérico, p-toluenosulfénico, bencenosulfénico, metanosulfonico,
etanosulfénico, 2-hidroxietanosulfénico, naftalenosulfénico (por ejemplo, 2-
naftalenosulfénice), opcionalmente en un disolvente adecuado tal como un
disolvente organico, para dar la sal que normalmente se aisla, por ejemplo por
cristalizacion y filtracion. Las sales de adicidn de é&cidos farmacéuticamente
aceptables incluyen una sal hidrobromuro, hidrocloruro, hidroyoduro, sulfato,
bisulfato, nitrato, fosfato, perclorato, p-toluenosulfonato, bencenosulfonato,
metanosulfonato, etanosulfonato, 2-hidroxietanosulfonato o naftalencsulfonato (por
ejemplo, 2-naftalenosulfonato). En una realizacidn, una sal de adicion de acidos
farmacéuticamente aceptable de un compuesto de Férmula | es una sal de un acido
fuerte, por ejemplo una sal hidrobromuro, hidrocloruro, hidroyoduro, sulfato, nitrato,
perclorato, fosfato, p-toluenosulfonato, bencenosulfonato y metanosulfonato

La invencion incluye dentro de su alcance todas las formas estequiométricas
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y no estequiométricas posibles de las sales de los compuestos de Formuia |.

Como se usa en este documento, la expresién “compuestos de la invencion”
se refiere a los compuestos de acuerdo con la Foérmula | y a los derivados
farmacéuticamente aceptables de los mismos. La expresion “un compuesto de la
invencion” se refiere a uno cualquiera de los compuestos de la invencidon como se
ha definido anteriarmente.

Los compuestos de la invencion pueden existir en forma de solidos o
liquidos, incluyéndose ambas en la invencién. En el estado sdlido, los compuestos
de la invencidn pueden existir en forma de material amorfo o en forma cristalina, o
como una mezcla de las mismas. Se apreciara que pueden formarse solvatos
farmacéuticamente aceptables de compuestos de la invencion donde las moléculas
de disolvente se incorporan en la estructura reticular cristalina durante la
cristalizacion. Los solvatos pueden implicar disolventes no acuosos tales como
etanol, isopropanol, dimetilsulfoxido (DMSQ), acido acético, etanolamina y acetato
de etilo, o0 pueden implicar agua como disolvente que se incorpora en la estructura
reticular cristalina. Los solvatos en los que el agua es el disolvente que se incorpora
en la estructura reticular cristalina se denominan tipicamente “hidratos”. La
invencion incluye todos estos solvatos.

Se apreciard que los compuestos de la invencién pueden existir en
diferentes formas tautomeéricas. En particular, los compuestos de Férmula | pueden

existir en la forma tautomérica 4-piridinol como se indica a continuacion:

OH °

R4
R® N~ TR
H

2

Todas las formas tautoméricas posibles de los compuestos de Formula | se
incluyen dentro del alcance de la presente invencién. En un aspecto de la
invencidén, se proporcionan compuestos de Formula | en la forma tautomérica 4-
piridona. En otro aspecto de la invencidn, se proporcionan compuestos de Férmula |
en la forma tautomérica 4-piridinol. En un aspecto adicional de la invencion, se
proporciona una mezcla de compuesto de Férmula | en las formas tautomeéricas 4-
piridona y 4-piridinilo. En otro aspecto adicional de la invencién, la mezcla de

formas tautomericas 4-piridona y 4-piridinol de los compuestos de Formula | es una
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mezcla en equilibrio.

Se apreciara ademas que ios compuestos de la invencidn que contienen un
doble enlace, por ejemplo un doble enlace oxima, pueden estar presentes como
una mezcla de isdmeros E y Z con respecto a la geometria alrededor de! doble
enlace. La mezcla puede contener isébmeros E y Z en cantidades iguales, 0 la
mezcla puede contener un exceso del isémerc Z o E. Como alternativa, los
compuestos de la invenciéon pueden estar presentes en sus respectivas formas
puras isoméricas y geométricas E y Z alrededor de cada doble enlace.

También se apreciara que los compuestos de la invencién que existen como
polimorfos, enantidmeros y mezclas de los mismos se incluyen dentro del alcance
de la presente invencion.

Ciertos compuestos de la invencidén pueden tener un perfil farmacocinético
mejorado (por ejemplo, pueden tener mayor biodisponibilidad oral, o pueden
mostrar una exposicién oral mejorada).

De acuerdo con ofro aspecto de la invencién, se proporciona un compuesto
de Formula | o un derivado farmacéuticamente aceptable del mismo para su uso en
terapia médica humana o veterinaria.

Los compuestos de la invencion pueden ser Utiles en el tratamiento de
ciertas infecciones parasitarias tales como infecciones parasitarias por protozoos
por el parasitc de la malaria Plasmodium falciparum, especies de Eimeria,
Pneumocytis carnii, Trypanosoma cruzi, Trypanosoma brucei y Leishmania
donovani. En particular, los compuestos de la invencion pueden ser utiles para el
tratamiento de infeccién por Plasmodium falciparum. Por consiguiente, la invencién
se refiere a métodos de tratamiento de tales afecciones.

En un aspecto de |a invencién, se proporciona un compuesto de Formula | o
un derivado farmacéuticamente aceptable del mismo, para su uso en terapia, por
ejemplo el tratamiento de infecciones parasitarias por protozoos tales como malaria,
por eijemplo infeccién por Plasmodium falciparum.

En otro aspecto de la invencion, se proporciona el uso de un compuesto de
Formula | o un derivado farmacéuticamente aceptable del mismo en la preparacién
de un medicamento para el tratamiento de infecciones parasitarias por protozoos
tales como malaria, por ejemplo una afeccién provocada por infeccion por
Plasmodium falciparum.

En otrc aspecto de la invencion, se proporciona un método para el

tratamiento de un sujeto humano o animal que padece una infeccidn parasitaria por

)



10

15

20

25

30

35

-9-

protozoos tal como malaria, por ejemplo infeccién por Plasmodium falciparum, que
comprende administrar a dicho sujeto humano o animal una cantidad eficaz de un
compuesto de Férmula | o un derivado farmacéuticamente aceptable del mismo, o
una composicion farmacéutica que comprende un compuesto de Férmula | o un

derivado farmacéuticamente aceptable del mismo.

Los métodos de tratamiento de la invencion comprenden administrar una .

cantidad segura y eficaz de un compuesto de acuerdo con la Formula | o un
derivado farmacéuticamente aceptable de mismo a un paciente que o necesita.

Como se usa en este documento, el término “tratamiento” se refiere a: (1) la
mejora o prevencién de la afeccion que se trata o de una o mas de las
manifestaciones bicldgicas de la afeccion que se trata, (2} la interferencia con (a)
uno o mas puntos de la cascada bioldgica que conduce a 0 que es responsable de
la afeccién que se trata o (b) una o mas de las manifestaciones biologicas de la
afeccion que se trata, o (3) el alivio de uno o mas de los sintomas o efectos
asociados con la afeccion que se trata. El especialista apreciara que el término
“prevencién” no es un termino absoluto. En medicina, se entiende que el termino
“prevencién” se refiere a la administracion profilactica de un farmaco para reducir
sustancialmente la probabilidad o gravedad de una afeccidon o manifestacion
bioldgica de la misma, o para retrasar el comienzo de tal afeccidon ¢ manifestacion
bioldgica de la misma.

Como se usa en este documento, la expresion “cantidad segura y eficaz” se
refiere a una cantidad del compuesto suficiente para inducir significativamente una
modificacion positiva en la afeccion a tratar pero lo suficientemente baja para evitar
efectos secundarios graves (en una relacion beneficio/riesgo razonable) dentro del
alcance del juicio medico. Una cantidad segura y eficaz de un compuesto de la
invencion variara con el compuesto particular elegido (por ejemplo, dependiendo de
la potencia, eficacia y vida media del compuesto); la via de administracion elegida;
la naturaleza de la infeccién y/o afecciéon que se trata; la gravedad de la infeccidn
y/o afeccion que se trata; la edad, tamafo, peso y condicion fisica del paciente que
se trata; la historia médica del paciente que se trata; la duracién del tratamiento; la
naturaleza de la terapia concurrente; el efecto terapéutico deseado; y factores
similares, pero, sin embargo, puede determinarse de forma rutinaria por el
especialista.

Como se usa en este documento, el término “paciente” se refiere a un ser

humano u otro animal.
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Los compuestos de la invencion pueden administrarse mediante cualquier
via de administraciéon adecuada, incluyendo administracidn sistémica. La
administracion sistémica incluye administracion oral, administracion parenteral,
administracion transdérmica, administracion rectal y administracion por inhalacién.
La administracion parenteral se refiere a vias de administracion distintas de enteral,
transdérmica o por inhalacién, y tipicamente se realiza por inyeccion o infusion. La
administracién parenteral incluye inyeccién o infusién intravenosa, intramuscular y
subcutanea. La inhalacion se refiere a administracion en los pulmones del paciente
inhalada a través de la boca o a través de los conductes nasales. La administracion
topica incluye aplicacion dérmica en la piei asi como administracién intraocuiar,
bucal {por ejemplo, por via sublingual), rectal, intravaginal e intranasal.

Los compuestos de la invencion pueden administrarse sélo una vez al dia, o
de acuerdo con un régimen de dosificacion donde se administran varias dosis a
intervalos de tiempo variables durante un periodo de tiempo dado. Por ejemplo, las
dosis pueden administrarse una, dos, tres o cuatro veces al dia. Las dosis pueden
administrarse hasta que se consiga el efecto deseado o de forma indefinida para
mantener el efecto terapéutico deseado. La dosificacion también variara de acuerdo
con la naturaleza del tratamiento deseado, donde “tratamiento” es como se define a
continuacion en este documento, por ejemplo, puede darse una dosis superior de
compuesto para la mejora comparada con la prevencién de una afeccion a tratar.
Los regimenes de dosificacion adecuados para un compuesto de la invencion
dependen de las propiedades farmacocinéticas de ese compuesto, tales como
absorcién, distribucién y vida media, que pueden determinarse por el especialista.
Ademas, los regimenes de dosificacion adecuados para un compuesto de la
invencién, incluyendo la duraciébn de la administracion de tales regimenes,
dependen de la via de administraciéon del compuesto, de la afeccién que se frata, de
la gravedad de la afeccidon que se trata, de la edad y de la condicion fisica del
paciente que se trata, de la historia médica del paciente que se trata, de la
naturaleza de cualquier terapia concurrente, del efecto terapéutico deseado y de
factores similares que estan dentro del conocimiento y experiencia del especialista.
Ademas, se apreciara por los especialistas en la técnica que regimenes de
dosificacion adecuados pueden requerir un ajuste dada una respuesta del paciente
individual al régimen de dosificacion o durante el tiempo a medida que el paciente
necesita el cambio. También se apreciara que si los compuestos de la presente

invencion se administran junto con uno o mas agentes terapéuticos activos
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adicionales que se analizan con detalle a continuacién en este documento, el
régimen de dosificacion de los compuestos de la invencion también puede variar de
acuerdo con la naturaileza y cantidad de uno o mas agentes terapéuticos activos
adicionales cuando sea necesario.

Las dosificaciones diarias tipicas pueden variar dependiendo de la via de
administracion particular elegida. Las dosificaciones diarias tipicas para
administracion oral varian de aproximadamente 0,01 a aproximadamente 25 mg/kg,
en una realizaciéon de aproximadamente 0,1 a aproximadamente 14 mg/kg. Las
dosificaciones diarias tipicas para administracion parenteral varian de
aproximadamente 0,001 a aproximadamente 10 mg/kg; en una realizacion de
aproximadamente 0,01 a aproximadamente 6 mg/kg. En una realizacion, el intervalo
de dosificacién diario de los compuestos es de 100-1000 mg al dia.

Los compuestos de Formula | también pueden usarse junto con otros
agentes terapéuticos activos. Por lo tanto, la invencion proporciona, en un aspecto
adicional, una combinacion que comprende un compuesto de Formula | o un
derivado farmacéuticamente aceptable del mismo junto con un agente terapéutico
activo adicional. Cuando un compuesto de Foérmula | o un derivado
farmacéuticamente aceptable del mismo se usa junto con un segundo agente
terapéutico activo que es activo contra el mismo estado de enfermedad, la dosis de
cada compuesto puede diferir de aquella cuando el compuesto se usa sclo. Las
dosis apropiadas se apreciaran facilmente por los especialistas en la técnica. Se
apreciara que la cantidad de un compuesto de la invencion requerida para su uso
en el tratamiento variara con la naturaleza de la afeccion que se trata y la edad vy
afeccion del paciente y en Ultimo caso estara en el criterio del médico o veterinario.

Los compuestos de la presente invencion pueden usarse solos o junto con
uno o mas agentes terapéuticos activos adicionales, tales como otros farmacos
antiparasitarios, por ejemplo farmacos antimalaria.

Estos otros agentes terapéuticos activos incluyen farmacos antimalaria,
tales como folatos (por ejemplo, cloroquina, mefloquina, primaquina, pirimetamina,
quinina, artemisinina, halofantrina, doxiciclina, amodiquina, atovaquona,
tafenoquina) y antifolatos (por ejemplo, dapsona, proguanilo, sulfadoxina,
pirimetamina, clorcicloguanil, cicloguanil).

Las combinacicnes indicadas anteriormente pueden presentarse
convenientemente para su uso en forma de una formulacion farmaceéutica y por,lo'

tanto las formulaciones farmacéuticas que comprenden una combinacidén como se
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ha definido anteriormente junto con un vehiculo y/o excipiente farmacéuticamente
aceptable comprenden un aspecto adicional de la invencién. Los componentes
individuales de tales combinaciones pueden administrarse secuencial o
simultaneamente en formulaciones farmacéuticas separadas o combinadas
mediante cualquier via conveniente.

Cuando fa administracién es secuencial, puede administrarse primero el
compuesto de la presente invencion o uno o mas de los agentes terapéuticos
adicionales. Cuando la administracion es simultanea, la combinacién puede
administrarse en la misma o en diferentes composiciones farmacéuticas. Cuando se
combinan en la misma formulacion, se apreciara que el compuesto de la presente

invencién y uno o mas de los agentes terapéuticos adicionales deben ser estables y

. compatibles entre si y con los otros componentes de la faormulacién. Cuando se

formulan por separado, el compuesto de la presente invencidén y uno o0 mas de los
agentes terapéuticos activos adicionales pueden proporcionarse en cualquier
formulacién conveniente, adecuadamente de una manera conocida en la técnica
para tales compuestos.

Composiciones

Los compuestos de la invencion normalmente, pero no necesariamente, se
formularan en composiciones farmacéuticas antes de la administracion a un
paciente. En un aspecto, la invencion se refiere a composiciones farmacéuticas que
comprenden un compuesto de la invencidn. En otro aspecto, la invencion se refiere
a composiciones farmacéuticas que comprenden un compuesto de la invencion vy
uno o mas vehiculos y/o excipientes farmacéuticamente aceptables.

El vehiculo y/o excipiente debe ser “aceptable” en el sentido de ser
coempatible con los demas ingredientes de la formulacion y no perjudicial para su
destinatario.

Las composiciones farmacéuticas de la invencion pueden prepararse vy
envasarse a granel, pudiendo extraerse una cantidad segura y eficaz de un
compuesto de la invencién y después administrarse al paciente tal como con polvos
o jarabes. Como alternativa, las composiciones farmacéuticas de la invencion
pueden prepararse y envasarse en forma de dosificacién unitaria, conteniendo cada
unidad fisicamente discreta una cantidad segura y eficaz de un compuesto de la
invencion. Cuando se preparan en forma de dosificacion unitaria, las composiciones
farmacéuticas de la invencién tipicamente contienen de aproximadamente 0,1 a 100

mg, y en otrc aspecto de 0,1 mg a aproximadamente 50 mg de un compuesto de la
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invencién.

Las composiciones farmacéuticas de la invencidn tipicamente contienen un
compuesto de la invencion. Sin embargo, en ciertas realizaciones, las
composiciones farmacéuticas de la invencidén contienen mas de un compuesto de la
invencién. Por ejemplo, en ciertas realizaciones, las composiciones farmaceéuticas
de la invencién contienen dos compuestos de la invencion. Ademas, las
composiciones farmacéuticas de la invencidén opcionalmente pueden comprender
ademds unc o mas compuestos terapéuticos activos adicionales. Las
composiciones farmacéuticas de la invencién tipicamente contienen mas de un
excipiente farmacéuticamente aceptable. Sin embargo, en ciertas realizaciones, las
composiciones farmacéuticas de la invencién contienen un excipiente
farmacéuticamente aceptable.

Como se usa en este documento, la expresion “farmacéuticamente
aceptable” significa adecuado para uso farmacéutico.

El compuesto de la invencidbn y el excipiente o excipientes
farmacéuticamente aceptables tipicamente se formulardn en una forma de
dosificacién adaptada para administracién al paciente por la via de administracion
deseada. Por ejemplo, las formas de dosificacion incluyen las adaptadas para (1)
administraciéon oral tales como comprimidos, capsulas, comprimidos de forma
ovalada (caplets), pildoras, trociscos, polvos, jarabes, elixires, suspensiones,
soluciones, emulsiones, sobres y obleas; (2) administracion parenteral tal como
soluciones estériles, suspensiones y polves para reconstitucion; (3) administracion
transdérmica tal como parches transdérmicos; (4) administracién rectal tal como
supositorios; (5) inhalacién tal como aerosoles y soluciones; y (6) administracion
topica tal como cremas, pomadas, lociones, soluciones, pastas, pulverizaciones,
espumas vy geles. ‘

Los excipientes farmacéuticamente aceptables adecuados variaran
dependiendo de la forma de dosificacion particular elegida. Ademas, los excipientes
farmacéuticamente aceptables adecuados pueden elegirse para una funcion
particular que pueden tener en la composicion. Por ejemplo, ciertos excipientes
farmacéuticamente aceptables pueden elegirse por su capacidad de facilitar la
produccion de formas de dosificacion uniformes. Ciertos excipientes
farmacéuticamente aceptables pueden elegirse por su capacidad de facilitar la
produccién de formas de dosificacion estables. Ciertos excipientes

farmacéuticamente aceptables pueden elegirse por su capacidad de facilitar el porte
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o transporte del compuesto o compuestos de la invencion desde un organo, o parte
del cuerpe a otro drgano o parte del cuerpo, una vez administrado al paciente.
Ciertos excipientes farmacéuticamente aceptables pueden elegirse por su
capacidad de mejorar el cumplimiento de la terapia por parte del paciente.

Los excipientes farmacéuticamente aceptables adecuados incluyen los
siguientes tipos de excipiéntes: aglutinantes, disgregantes, lubricantes, deslizantes,
agentes de granulacidon, agentes de recubrimie'nto, agentes humectantes,
disolventes, codisolventes, agentes de suspension, emulsionantes, edulcorantes,
agentes aromatizantes, agentes para enmascarar el sabor, agentes coclorantes,
agentes antiapelmazantes, humectantes, agentes quelantes, plastificantes, agentes
para aumentar la viscosidad, antioxidantes, conservantes, estabilizantes,
tensicactivos y agentes tamponantes. El especialista apreciard que ciertos
excipientes farmacéuticamente aceptables pueden tener mas de una funcién vy,
como alternativa, pueden tener funciones dependiendo de la cantidad de excipiente
que esté presente en la formulacion y de cuales sean los otros ingredientes que
estan presentes en la formulacion.

Los especialistas en la técnica poseen el conocimiento y experiencia en la
técnica para poder seleccionar ‘excipientes farmacéuticamente aceptables
adecuados en las cantidades apropiadas para uso en la invencion. Ademas, el
especialista en la técnica dispone de, varios recursos que describen excipientes
farmacéuticamente aceptables y pueden ser dtiles para seleccionar excipientes
farmacéuticamente aceptables adecuados. Los ejemplos incluyen Remington's
Pharmaceutical Sciences (Mack Publishing Company), The Handbook of
Pharmaceutical Additives (Gower Publishing Limited), ¥y The Handbook of
Pharmaceutical Excipients {the American Pharmaceutical Association and the
Pharmaceutical Press).

Las composiciones farmacéuticas de la invencién se preparan usando
técnicas y métodos conocidos para los especialistas en la técnica. Algunos de los
métodos usados comunmente en [a técnica se describen en Remington's
Pharmaceutical Sciences (Mack Publishing Company).

En un aspecto, la invencién se refieré a una forma de dosificacion oral sélida
o liquida tal como un liquido, comprimido, gragea o una capsula, que comprende
una cantidad segura y eficaz de un compuesto de la invencién y un vehiculo. El
vehiculo puede estar en forma de un diluyente o carga. Los diluyentes y cargas
adecuados incluyen, en general, lactosa, sacarosa, dextrosa, manitol, sorhitol,
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almidén (por ejemplo, almidon de maiz, almidon de patata y almidon
pregelatinizado), celulosa y sus derivados (por ejemplo, celulosa microcristalina),
sulfato calcico y fosfato calcico dibasico. Una forma de dosificacion liquida
generalmente consistira en una suspensién o soluciéon del compuesto o derivado
farmacéuticamente aceptable en un vehiculo liquido, por ejemplo, etanol, aceite de
oliva, glicerina, glucosa (jarabe) o agua (por ejemplo, con un agente aromatizante,
de suspension o colorante anadido). Cuando la composicion esta en forma de un
comprimido o gragea, puede usarse cualquier vehiculo farmacéutico usado
rutinariamente para preparar formulaciones sélidas. Los ejemplos de estos
vehiculos incluyen estearato de magnesio, terra alba, talco, gelatina, goma arabiga,
acido estearico, almidén, lactosa y sacarosa. Cuando la composicion esta en forma
de una capsula, es adecuada cualquier encapsulaciéon adecuada, por ejemplo
usando os vehiculos mencionados anteriormente o un semisélido, por ejemplo,
monc ¢ di-glicéridos de &cido caprico, Gelucire™ y Labrasol™, o una cubierta de
capsula dura, por ejemplo, de gelatina. Cuando la composicion estd en forma de
una capsula de cubierta blanda, por ejemplo, gelatina, puede usarse cualquier
vehiculo farmacéutico usadc rutinariamente para preparar dispersiones ©
suspensiones, por ejemplo, gomas acuosas 0 aceites, y pueden incarporarse en
una cubierta de capsula blanda.

Una forma de dosificacion sodlida oral puede comprender ademas un
excipiente en forma de un aglutinante. Los aglutinantes adecuados incluyen
almidén (por ejemplo, almidén de maiz, almidén de patata y almiddn
pregelatinizadc}, gelatina, goma arabiga, alginato sodico, acido alginico, tragacanto,
goma guar, povidona y celulosa y sus derivados (por ejemplo, celulosa
microcristalina). La forma de dosificacion sélida oral puede comprender ademas un
excipiente en forma de un disgregante. Los disgregantes adecuados incluyen
crospovidona, aimidén glicolato sddico, croscarmelosa, acido alginico y carboximetil
celulosa sadica. La forma de dosificacion sélida oral puede comprender ademas un
excipiente en forma de un lubricante. Los lubricanies adecuados incluyen &cido
estearico, estearato de magnesio, estearato calcico y talco.

La presente invencidén ademas proporciona un proceso para preparar una
composicién farmacéutica, comprendiendo dicho proceso mezclar al menos un
compuesto de Férmula | o un derivado farmacéuticamente aceptable del mismo,
junto con un vehiculo y/o excipiente farmacéuticamente aceptable.

Las preparaciones para administracion oral pueden formularse
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convenientemente para proporcionar la liberacién controlada/prolongada del

compuesto activo.

Abreviaturas

En la descripcion de la invencidn, los elementos quimicos se identifican de

acuerdo con la Tabla Periddica de los Elementos. Las abreviaturas y simbolos

utilizados en este documento estan de acuerdo con el uso comun de tales

abreviaturas y simbolos por los especialistas en las técnicas quimicas. En este

documento se usan las siguientes abreviaturas:

AcOEt, EtOAc
aprox.
bar
salmuera
n-BulLi
t-BuOMe
ref. cat.
CDCl
CD;0D
conc.
cpm

DCM
DIBAH
DMF
DMSO
DMSO-Dg
ES MS
EtOH

h

suero humano AB
HEPES
HPLC

HT

suplemento de HT

acetato de etilo

aproximadamente

1 x 10° Pa (Pascal)

cloruro sédico acuoso saturado

n-butillitio

terc-butil-metil-éter

referencia de catalogo

cloroformo deuterado

metanol deuterado

concentrado

recuentos por minuto (unidad de radiactividad)
diclorometano

hidruro de diisobutilaluminio

N, N-dimetilformamida

dimetilsulfoxido

dimetilsulféxido deuterado

Espectroscopia de masas por electronebulizacion
etanol

hora(s)

Suero obtenido de sangre humana de tipo AB
Acido 4-(2-hidroxietil)piperazina-1-etanosulfonico
Cromatografia Liquida de Alta Resolucion
Hipoxantina

hipoxantina 0,15 mM y timidina 24 pM, (GIBCO™
ref. cat.. 41065)



Donaciéon de sangre incompleta

I

LDA

MeOH

min
NaTaurocol.
NBS

NCS

NMP

RMN

Pa
PRBC
pH
RBC
TBOMS
TBDPS
TCCA
TMHD
RPMI
THF

viv

p/p
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un volumen de sangre inferior a 450 ml usado
para la investigacion

litro(s)

diisopropilamida de litio

metanol

minuto(s)

sodio Taurocdlico

N-bromosuccinimida

N-clorosuccinimida

N—metil-pirrolidinonab

Espectroscapia por Resoconancia Magnética
Nuclear

Pascal (unidad de presion del SI: m™kg's?)
glébulos rojos parasitados

-Logio de la concentracion de iones de hidrégeno
globulos rojos

terc-butildimetilsililo

terc-butildifenilsililo

acido tricloroisocianurico
2,2,6,6-tetrametil-heptano-3,5-diona

medio del Roswell Park Memorial Institute*
tetrahidrofurano

proporcién en valumen

proporcidn en peso, por ejemplo, porcentaje en

peso

*(para detalles sobre este medio, véase Divo, A.A., et al., Nutritional requirements of

Plasmodium falciparum in culture. |. Exogenously supplied dializable components

necessary for continuous growth. J. Protozool, 1985, 32 (1): pags. 59-64).

Preparaciéon de Compuestos

Los procedimientos generales usados para sintetizar los compuestos de

Férmula | se describen en los Esquemas de reaccion 1-24 y se ilustran en los

Ejemplos.
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A lo largo de la memoria descriptiva, las Formulas generales se designan
por los numeros romanos |, II, 1, IV, etc. Los subconjuntos de compuestos de
Férmula | se definen como Ia, Ib, Ic, Id y le; los subconjuntos de otras Férmulas se
expresan de manera analoga.

Los compuestos de Férmula la, que son compuestos de Férmula | en la que
R' representa halo, CF; u OCF3; R* representa halégeno; R? representa -CH,OH; y
R® representa metilo, pueden prepararse a parir de compuestos de Formula |l, en
la que R representa halo, CF3; u OCF3, de acuerdo con el Esquema 1 por reaccion
de It con un agente de halogenacidn apropiado tal como una halosuccinimida (NBS,
NCS), acido tricloroisocianurico (TCCA) o bromo en un disolvente adecuado tal

como una mezcla de diclorometano y metanol.

8}
a o O ©
R’ donante de ‘ R!
- R~
e ) N } OH halégeno ! i OH
3 H H,C H a

Esquema 1

Los compuestos de Formula Il pueden prepararse a partir de compuestos de
Formula lll, en la que R’ representa flior, cloro, CF3 u OCF; y PG es un'grupo
protector de hidroxi estéricamente impedido, por ejemplo TBDMS o TBDPS, de
acuerdo con el Esquema 2, por aminolisis, con desproteccion concurrente del grupo
protector PG, por ejemplo en presencia de amoniaco acuoso, adecuadamente a
presion y a una temperatura elevada, por‘ejemplo entre 120°C y 160°C, en un

disolvente adecuado, tal como EtOH o MeOH.
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Esquema 2

Los compuestos de Férmula Il pueden prepararse usando una reaccion de
acoplamiento cruzado de Suzuki entre compuestos de Férmula IV, en la que PG es
como se ha definido para la Férmula lll, y compuestos de acido borénico de
Férmula V, en la que R' representa flaor, cloro, CF3 u OCF;, de acuerdo con el
Esquema 3. Los compuestos de Férmula IV pueden calentarse, por ejemplo a una
temperatura comprendida entre 50°C y 100°C, con V en un disolvente apropiado tal
como tolueno, etanol, DMF o una mezcla de los mismos, en presencia de una base
tal como carbonato sodico o carbonato potasico, y un catalizador de paladio
adecuadc. En un aspecto, el catalizador de paladio es cloruro de
bis(trifenilfosfina)paladio (li).

HO v ! = R'
catalizador de paladio o
v base
i
Esquema 3

Los compuestos de Férmula IV pueden prepararse a partir de compuestos
de Formula VI, en la que PG es como se ha definido para la Férmula lil, de acuerdo
con el Esquema 4 por ftratamiento de VI con un agente de
trifluorometanosulfonilacion moderado en un disolvente adecuado tal como
dimetilformamida en presencia de una base adecuada tal como carbonato sédico o
potasico. En un aspecto, el agente de trifluorometanosulfonilacion es N-fenil-

trifluorometanosulfonimida.
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(&] agente de trifluorometil-
oH sulfonacion
I ] o. Vi base
H,C Q PG
Esquema 4

Los compuestos de Formula VI pueden prepararse a partir de compuestos

de Férmula VI, en la que PG es como se ha definido para la Foérmula ill, y PG1 es

5 un grupo protector de hidroxi diferente de PG mediante una reaccidn de
desproteccion selectiva de VIl para retirar PG1, de acuerdo con el Esquema 5. Por
ejemplo, cuando PG1 es bencilo, la desproteccion puede realizarse usando
hidrogenacién en presencia de un catalizador adecuado, por ejemplo paladio sobre

carbon, en un disolvente adecuado tal como acetato de etilo.

o] . Q
desproteccion seletiva OH

| Vil | Vi
/l\ O. H,C 0 O.

10
Esquema 5

Los compuestos de Formula VIl pueden prepararse a partir de compuestos

de Formula VIil, en la que PG1 es como se ha definido para la Férmula VI,

mediante una reaccidn para proteger el grupo hidroxi de Férmula VIl con un grupo

15  protector adecuado PG, de acuerdo con el Esquema 6. Por ejemplo, cuando el

grupo protector PG es TBDMS, el compuesto de Férmula VIl puede tratarse con

TBDMSCI en presencia de una base, por ejemplo imidazol, en un disolvente
adecuado tal como DMF.

oPG proteccion OPG

! ‘ OH VIl l i oL Vit

20 Esquema 6
Les compuestos de Formula VIl pueden prepararse a partir del compuesto
de Formula IX, de acuerdo con el Esquema 7. El compuesto IX puede tratarse con
formaldehido en presencia de una base adecuada tal como hidréxido sédico acuoso
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y después el producto intermedio resultante puede someterse a una reaccion de
proteccién para introducir PG;. Par ejemplo, cuando PG, es bencilo, el producto
intermedio puede tratarse con cloruro de bencilo o bromuro de bencilo en presencia

de un catalizador adecuado, tal como bromuro de tetra-N-butilamonio.

O O
OH 1) HCHO, base OPG,
! | X 2) proteccion | ) OH Vil
H,C o] HC 0]
Esquema 7

El compuesto de Férmula IX puede prepararse a partir del compuesto de
Farmula X de acuerdo con el Esquema 8 por reaccion de X con cinc en presencia
de HCI conc. en un disolvente adecuado, tal como agua, a una temperatura

elevada, por ejemplo entre 50°C y 90°C.

He or
LT«

Esquema 8

El compuesto de Formula X puede prepararse haciendo reaccionar el
compuesto de Férmula Xl con un agente de cloracién tal como cloruro de tionilo

(SCCl,) o cloruro de fosforilo {POC!;) de acuerdo con el Esquema 9.

(0] 0

OH OH
SOCI
D : T

OH Cl

| Esquema 9
Los acidos bordnicos de Formula V pueden prepararse a partir de
compuestos de Formula XlI, en la que R' representa flaor, cloro, CFy u OCF,, de
acuerdo con el Esquema 10, por tratamiento de Xlil con una base adecuada tal
cemo n-Buli en presencia de borato de tri-isopropilo en un disolvente adecuado tal
como THF, entre -60°C y -78°C, seguido de hidrélisis acida, por ejemplo con HCI 6

N,

¢
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o 0
R' 1)base, { R’
/@/ @ ) base, (PrO),B vo. @’ G
Br —= /B
2) hidrdlisis acida
X1 ) HO v
Esquema 10

Los compuestos de Férmula XI pueden prepararse mediante acoplamiento
de Uliman entre el compuesto de 4-bromofenol de Férmula Xl que esta disponible
en el mercado y compuestos de yodofenilo de Formula XIV que tambien estan
disponibles en el mercado, donde R’ representa fldor, cloro, CF; u OCF,, de
acuerdo con el Esquema 11. El compuesto XIli puede hacerse reaccionar con XIV
en presencia de una sal de cobre (1) tal como ciorurc de caobre (1) y una base, tal
como carbonato de cesio y un aditivo tal como 2,2,6,8-tetrametil-heptano-3,5-diona
(TMHD) en un disolvente adecuado tal como N-metil-pirrolidinona (NMP), a una
temperatura elevada, tal como entre 80°C y 110°C, por ejemplo de acuerdo con el
procedimiento descrito en Ley V. S. y Thomas A. W., (2003) Angew. Chem. Int. Ed.
42, 5400-5449.

sal de cobre (1)

OH
\]/ aditivo 0.
\©— base R
Br

Xl

Esquema 11
Los compuestos de Farmula Ib, que son compuestos de Férmula | en la que
R' representa flor, cloro, CF3 u OCF3; R? representa halo; R? representa metilo; y
R? representa -CH,OH, pueden prepararse a partir de compuestos de Férmula XV,
en la que R’ representa fluor, cloro, CF3 u OCF,, de acuerdo con el Esquema 12 por
reaccion de XV con un agente de halogenacién apropiado tal como una
halosuccinimida (NBS, NCS), acido tricloroisociandrico (TCCA) o bromo en un

disclvente adecuado tal como una mezcla de diclorometano y metanaol.
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Q © =
l 1
R’ donante de
/ ——— e e
l | halégeno
HO N CH
H 3 XV
Esquema 12

Los compuestos de Formula XV pueden prepararse a partir de compuestos
de Formula XVI, en la que R’ representa flior, cloro, CF5 u OCFs3; de acuerdo con el
Esquema 13 por tratamiento del compuesto XV con amoniaco acuoso en un
disolvente adecuado tal como etanol o metanol, adecuadamente con calentamiento
a presion, opcionalmente en presencia de radiacion con microondas. En un
aspecto, la reaccion se realiza en un reactor de acero a una temperatura elevada
durante un periodo de entre 1 h y 8 h. En otro aspecto, la reaccidn se realiza a una

temperatura elevada en un horno microondas, por ejemplo durante un periodo de

30 - 90 minutos.
0 o}
1 1
\GR N, (ac) @’R
— o A
NGy Xv

XV

Esquema 13

Los compuestos de Formula XV pueden prepararse usando una reaccién de
acoplamiento cruzado de Suzuki entre los compuestos de Féormula XVII vy
compuestos de acido borénico de Formula V, en la que R’ representa flGor, cloro,
CF3 u OCF;, de acuerdo con el Esquema 14. Los compuestos de Férmula IV
pueden calentarse, por ejemplo a una temperatura comprendida entre 50°C vy
100°C, con V en un disolvente apropiado tal como tolueno, etanol, DMF o. una
mezcla de los mismaos, en presencia de una base tal como carbonato sodico o
carbonato potasico, y un catalizador de paladio adecuado. En un aspecto, el

catalizador de paladio es cloruro de bis(trifenilfosfina)paladio (I1).

al
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o
w L
( Y
O _-CF, HO
‘ | S0, catalizador de paladio
RO -
o CH, XV base HO

Esquema 14
Los compuestos de Férmula XVl pueden prepararse a partir de compuestos
de Formula XVIIl, de acuerdo con el Esquema 15 por tratamiento de XVIl con un
5 agente de ftrifluorometanosulfonilacion moderado en un disolvente adecuado tal
como dimetilformamida en presencia de una base adecuada tal como carbonato
sddico o potasico. En un aspecto, el agente de triflucrometanosuifonilacién es N-

fenil-trifluorometanosulfonimida.

O
agente de trifluorometil- CF
OH sulfonacion O 73
o A b "o M .
ase
O CHy vy O CHy  xyy
10 Esquema 15

El compuesto de Férmula XVIII puede prepararse a partir del compuesto de
Férmula XIX de acuerdo con el Esquema 16 por reaccion de XVIIl con cinc en
presencia de HC! conc. en un disolvente adecuado, tal como agua, a una

temperatura elevada, por ejemplo entre 50°C y 90°C.

Q 0
OH Zn
HL HCl OH

Esquema 16

XVl
15

El compuesto de Formula XIX puede prepararse a partir del compuesto de
Formula X, de acuerdo con el Esquema 17. El compuesto XIX puede tratarse con
formaldehido en presencia de una base adecuada tal como hidroxido soédico

20 dCU0sO0.
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a 0
OH
T HCHO, base l IOH
HO o HO OH
X 0
XIX
Esquema 17

Los compuestos de Férmula Ic, que son compuestos de Formula | en la que

R' representa halo, CF; u OCF;; R? representa halo, R? representa -HC=N-OR®; R®

5 representa metilo; y R® representa H o alquilo C,5; pueden prepararse a partir de
compuestos de Férmula XX, en la que R' representa halo, CF; u OCF;; y R*
representa halo; de acuerdo con el Esquema 18 por reaccidon de XX con
NH.OR®>HCI, donde R® representa H o alquilo C.5; en presencia de una base
adecuada tal como piridina, en un disolvente adecuado tal como EtOH y a una

10  temperatura elevada, por ejemplo entre 50°C y la temperatura de reflujo.

[l

N

OR™ .

estereoquimica del doble
enlace desconocida

Esquema 18
Los compuestos de Formula XX pueden prepararse a partir de compuestos
de Férmula la mediante una reaccion de oxidacion de acuerdo con el Esquema 19,
15 por tratamiento de la con un agente oxidante adecuado tal como complejo de
trioxido de azufre-piridina en presencia de una base tal como trietilamina, en un

disolvente adecuado, por ejemplo una mezcla de DMSO y DCM.

o 0
R oxidacion

L ok
3 ﬁ fa

Esquema 19

20 Los compuestos de Formula Id, que son compuestos de Férmula 1 en la que
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R' representa halo, CF; u OCF3; R* representa halo; R? representa metilo; R®
representa -HC=N-OR?; y R® representa H o alquilo C,.5; pueden prepararse a partir
de combuestos de Férmula XXI, en la que R representa halo, CF; u OCF3; y R*
representa halo; de acuerdo con el Esquema 20 por reaccidn de XX| con
NH,OR®HCI, donde R® representa H o alquilo C;,; en presencia de una base
adecuada tal como piridina, en un disolvente adecuado tal como EtOH y a una

temperatura elevada, por ejemplo entre 50°C y la temperatura de refiujo.

o
, ,
\GR NH,OR® HCi K

base

QR"’*’N esterecquimica del doble
enlace desconocida

Esquema 20
Los compuestos de Férmula XXI pueden prepararse a partir de compuestos
de Férmula Ib mediante una reaccién de oxidacién de acuerdo con el Esquema 21,
por tratamiento de la con un agente oxidante adecuado tal como complejo de
trioxido de azufre-piridina en presencia de una base tal como trietilamina, en un

disolvente adecuado, por ejemplo una mezcla de DMSO y DCM.

_ Esquema 21
Los compuestos de Formula le, que son compuestos de Formula | en la que
R' representa fltor, cloro, CF; u OCF3 R* representa halo; R? representa -
(CH;);0H; donde n representa 3; Fs‘5 representa metilo; y R® representa H o alquilo
C,.s; pueden prepararse a partir de compuestos de Formula XXII, en la que R’
representa flior, cloro, CFs u OCFs y R representa halo; de acuerdo con el
Esquema 22 por hidrogenacion de XXIl en presencia de un catalizador adecuado,

por ejemplo paladio sobre carbon, en un disolvente adecuado, tal como E{OAc.
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o o 1 = Q
1 4
@R hidrogenacion R O /

HC™ N
XXII H

OH

Esquema 22
Los compuestos de Formula XXIl pueden prepararse a partir de compuestos
de Formula XXIII, en la que R’ representa flior, CFy u CCF; R4 representa halo; y
RY representa alquilo, por ejemplo metilo, etilo o terc-butilo, de acuerdo con el
Esquema 23, por reaccidn de XXlil con DIBAH en un disclvente adecuado tal como
THF con refrigeracién, por ejemplo entre 20°C y -20°C. Esta reaccion puede
producir una mezcla de compuestos de Férmula XXII y le, que no requiere

separacién o purificacion antes de la conversién en compuestos de Férmula le.

O 1 = -
‘R R4
DIBAH
— b
He' N
XXt 3 H | KX
+ le
OH

Esquema 23

Los compuestos de Formula XXl pueden prepararse a partir de
compuestos de Formula XX como se ha definido anteriormente, de acuerdo con el
Esquema 24, mediante una reaccion de Wittig de XX por reaccidon con
(carbalcoximetileno)-trifenilfosforano PhsP=CHCO,R", donde R" representa alquilo,

por ejemplo metilo, etilo o terc-butilo, en un disolvente adecuado tal como DCM.
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0
o Cr
R @Rl Phapé\cozRY R

Esquema 24

Los compuestos de Formula | en la que R' representa fldor, cloro, CF5 u
OCF3; R* representa halo; R? representa -(CH,),OH, donde n representa 2 6 4; R?
representa metilo; y R® representa H o alquilo C,.5, pueden prepararse usando un
procedimiento analogo al descrito en los Esquemas 22-24 para la Férmula le, es
decir, por medio de una reaccién de Wittig de compuestos XX, seguido de
reduccion del alqueno formado de esta manera, por ejemplo por hidrogenacion.

Como alternativa, los compuestos de Farmula Il también pueden prepararse
a partir de compuestos de Formula XXIV, en la que R' representa halo, CF; u
OCF;, de acuerdo con el Esquema 25 mediante la apertura reductora de XXIV y
posterior ciclacion de la enamina intermedia promovida, por ejerhplo, por i)
hidrogeno en presencia de un catalizador adecuado tal como paladio sobre carbdn

activado, o ii) usando hexacarboniimolibdeno en un disolvente adecuado tal como

EtOH.
0
R’ apertura reductora @'
y ciclacion
¢ OH XXIV

Esquema 25
Los compuestos de Formula XXIV pueden prepararse a partir de
compuestos de Férmula XXV, en la que R' representa halo, CF; u OCF5;, mediante
una reaccion de acilacién de acuerdo con el Esquema 26. Los compuestos XXV
pueden tratarse con una base adecuada tal como n-BulLi o LDA, ¢ una mezcla de n-
BuLi y LDA opcionalmente en presencia de N,N-diisopropilamina y una sal de litio
adecuada tal como cloruro de litio, seguido de tratamiento con un agente de

acilacion, tal como N-metoxi-N-metil-acetamida o acetato de etilo, a una

Y2
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femperatura reducida, tal como de -60°C a -78°C, en un disolvente adecuado tal

como THF.
0] ' 0
1
GR acilacion : \G‘Rl

—_—

/ ' / .
0—N OH XXV OH XXIV

Esquema 26

Los compuestos de Férmula Il pueden obtenerse a partir de compuestos de
Formula XXV, sin aislamiento y purificacidn de los compuestos intermedios de
Férmula XXIV.

Los compuestos de Formula XXV pueden prepararse por medio de una
reaccion de acoplamiento entre un compuesto de Formula XXVI y de Formula V,
donde R’ representa halo, CF; u OCF;, de acuerdo con el Esquema 27. Los
compuestos XXVI y V pueden hacerse reaccionar juntos en presencia de un
catalizador adecuado tal como paladio sobre carbén activado ¢ cloruro de
bis(trifenilfosfina)paladio (I}, en presencia de una base adecuada tal como
hidrogenacarbonato sodico o carbonato sodico, en un disolvente adecuado tal como

EtOH o una mezcla de EtOH vy tolueno, a una temperatura elevada, tal como de

70°C a 90°C.
0
JSRASL
o]
| OH).B
/ —
O—N OH catalizador /
XXV base O—N OH XXV

Esquema 27

El compuesto de Formula XXV| puede prepararse mediante una reaccion de
yodacion de un compuesto de Formula XXVII de acuerdo con el Esquema 28. El
compuesto XXVII puede tratarse con yodo en presencia de un catalizador adecuado
tal como ftrifluoroacetato de plata, en un disolvente adecuado tal como DCM, a una
temperatura elevada, por ejemplo de 30°C a 60°C, o como alternativa con
monocloruro de yodo en un disolvente adecuado tal como agua en presencia de un
acido organico fuerte tal como acido trifluoroacético a una temperatura elevada, por
ejemplo 60-70°C.
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i
hﬁ yodacion %gﬂ
4 ’ /
O—N OH O—N OH
XXV ' XXVI
Esquema 28

£1 compuesto XXVl puede prepararse por reduccién del compuesto XXVIII,
que esta disponible en el mercado, de acuerdo con el Esquema 29. El compuesto
XXVIIl puede tratarse con un agente reductor adecuado, por ejemplo borohidruro

sédico, en un disolvente adecuado tal como EtOH.

a =
reduccion -
-~
4 o ' 4 OH

XXV XXV

Esquema 29

Sera evidente para los especialistas en la técnica que pueden prepararse
otros compuestos de Formula | usando métodos analogos a los indicados
anteriormente, o por referencia a los procedimientos experimentales detallados en
los Ejemplos que se proporcionan en este documento, o usando metodos analogos
a los informados previamente en la Solicitud de Patente PCT N° WO 91/13873 A1.

Los especialistas en la técnica apreciaran que en la preparaciéon del
compuesto de Férmula | ¢ un derivado farmacéuticamente aceptable del mismo,
puede ser necesario y/o deseable proteger uno o mas grupos sensibles de la
molécula o del intermedio apropiado para evitar reacciones secundarias
indeseables. Los grupos protectores adecuados para su uso de acuerdo con la
presente invencioén se conocen bien por los especialistas en la técnica y pueden
usarse de manera convencional. Véase, por ejemplo, “Protective groups in organic
synthesis” por T.W. Greene y P.G.M. Wuts {John Wiley & sons 1991) o “Protecting
Groups” por P.J. Kocienski (Georg Thieme Verlag 1994). Los ejemplos de grupos
protectores de amino adecuados incluyen grupos protectores de tipo acilo (por
ejemplo, formilo, triflucroacetilo, acetilo), grupos protectores de tipo uretano
aromaticos (por ejemplo, benciloxicarbonilo (Cbz) y Cbz sustituido), grupos
protectores de uretano alifaticos (por ejemplo, 9-flucrenilmetoxicarbonilo (Fmoc), t-
butiloxicarbonilo (Boc), isopropiloxicarbonilo, ciclohexiloxicarbonilo) y grupos

protectores de tipo alquilo o aralquilo (por ejemplo, bencilo, tritilo, clorotritilo). Los
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ejemplos de grupos protectores de oxigeno adecuadeos pueden incluir por ejemplo
grupos de alquilsilifo, tales como trimetilsililo o tere-butildimetilsililo; alquiléteres
tales como tetrahidropiranilo o terc-butilo; o ésteres ta!és como acetato.
Ejemplos

Los siguientes ejemplos ilustran la invencién. Estos ejemplos no pretenden
limitar el alcance de la invencién, sino proporcionar directrices al especialista para
preparar y usar los compuestos, composiciones y métodos de la invencién. Aunque
se describen realizaciones particutares de la invencion, el especialista apreciara
que pueden realizarse diversos cambios y modificaciones sin apartarse del espiritu
y alcance de la invencion.
Seccion experimental
Intermedio 1 (Bioorganic & Medicinal Chemistry 9, 2001, 563-573)

O
CH

Cl
2-(clorometil}-5-hidroxi-4 H-piran-4-ona

A acido Kaojic (FLUKA, 1 g) se le afadié cloruro de tionilo (ALDRICH, 1,027

ml). La mezcla amarilla se agitd a temperatura ambiente durante 2 h. Ef precipitado

se filtrg, después se lavd con hexano y se secd al vacio para producir 1,08 g del
compuesto del titulo en forma de un solido amarille palido.

'"H RMN (8, ppm, DMSO-dg): 9,28 (d a, 1H); 8,12 (s, 1H); 6,56 (s, 1H); 4,65
(s, 2H)
Intermedio 2 (Bioorganic & Medicinal Chemistry 9, 2001, 563-573)

o
OH

5-hidroxi-2-metil-4 H-piran-4-ona

A una suspensian del Intermedio 1 (1,07 g) en agua (30 ml) a 50°C se le
afiadié polvo de cinc (PANREAC, 871 mg). La mezcla se calenté a 70°C durante 1
h. Después, se afadid gota a gota HCI conc. (5 ml) y la mezcla se calenté a 70-
80°C durante 5 h. El exceso de cinc se retird por filtracion caliente y el filtrado

amarillo pélido se vertid sobre una mezcla de hielo/agua. La capa de agua se
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extrajo con diclorometano (3 x 30 ml) y los extractos organicos combinados se
secaron sobre Na,SO,. La eliminacién del disolvente al vacio dio 0,53 g del
compuesto del titulo en forma de un sélido amarillo palido. 'TH RMN (3, ppm, CDCly):
7,76 (s, 1H); 6,24 (s, 1H); 2,28 (s, 3H)

Intermedio 3 (Bioorganic & Medicinal Chemistry 9, 2001, 563-573; documento US

6.426.418 B1)
0
o

|

o

OH

2-{hidroximetil)-6-metil-3-[{fenilmetil)oxi]-4 H-piran-4-ona

Un matraz de fondo redande, de 3 bocas y de 1 | se equipd con un agitador
mecdanico y un embudo de goteo. Al matraz se le afiadid NaOH 1 N (498 ml)
seguido de la adicién en porciones del Intermedio 2 (57,15 g). La mezcla rojiza se
enfrid en un bario de hielo (aprox. 30 min), se afiadié gota a gota {aprox. 30 min)
una solucion acuosa al 37% de formaldehido (ALDRICH, 37,36 ml) y la solucién se
dejo en agitacion a temperatura ambiente durante 18 h. La mezcla se enfric a 0°C y
se afiadid bromuro de tetra-N-butilamonio (ALDRICH, 365 mg), seguido de bromuro
de bencilo (ALDRICH, 59,2 ml). La sclucion se calentd a 60°C durante 2 h, después
se enfrid a temperatura ambiente, se agitd durante una noche y se extrajo con
diclorometano (3 x 500 ml). Los extractos organicos combinados se lavaron con
NaCl acuoso saturado {1 x 500 ml), se secaron schre Na,SO,, se filtraron y se
concentraron al vacio para dar 117 g de un sélido amarillo palido. Este sélido se
trituré con 80:20 de EtOAc/hexano (250 ml) y después se filtrd. Este procedimiento
se repitid con 70:30 de EtOAc/hexano (250 ml) para producir 84,15 g del compuesto
del titulo en forma de un sélido blanco después del secado al vacio.

'H RMN (8, ppm, DMSO-ds): 7,38 (m, 5H); 6,25 (s, 1H); 5,43 (t, TH); 5,00 (s,
2H); 4,25 (d, 2H); 2,25 (s, 3H)

Intermedio 4
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2-([(1.1-dimetiletih{dimetil)sililloxi}metil)-6-metil-3-[(fenilmetil)oxil-4 H-piran-4-ona

En un reactor de 2 | se introdujeron el Intermedio 3 (66,65 g) y N,N-
dimetilformamida seca (500 ml). La mezcla se agité en una atmdsfera de niirégeno
para obtener una solucidn y después se anadieron imidazol (55,28 g) y cloruro de
terc-butildimetilsililo (48,94 g) seguido de la adicion de N,N-dimetilformamida seca
(50 ml). Después de agitar durante 3 h, se afiadieron acetato de etilo {900 ml) y
NH.Cl 1 N (700 ml). Las dos capas se repartieron y la capa organica se lavé con
NH.C! 1 N {2 x 900 ml) y salmuera (900 ml), se seco sobre Na,S0,, se filtro y se
concentro a sequedad al vacio para dar 103,68 g del compuesto del titulo en forma
de un aceite amarillo palido.

'H RMN (8, ppm, CDCly): 7,35 (m, 5H); 6,20 (s, 1H); 5,16 (s, 2H); 4,39 (s,
2H); 2,26 (s, 3H); 0,87 (s, 9H); 0,04 (s, 6H)

Intermedio 5
0
)\)ﬁ
I ] O —
o ‘Si’<
/ N\

2-({[(1.1-dimetileti(dimetiDsililoxi}metil)-3-hidroxi-6-metil-4 H-piran-4-ona

A una solucion del Intermedio 4 (23,71 g) en acetato de etilo (600 ml) en una
atmosfera de N, se le afiadio paladio al 10% p/p sobre carbén activado (FLUKA,
700,9 mg). La mezcla se hidrogend a 1,8 x 10° Pa (1,8 bares) durante 3 horas. E/
catalizador se retird por filtracion y el disolvente se evaporé a sequedad al vacio
para producir 16,72 g del compuesto del titulo.

"H RMN (3, ppm, CDCl3): 6,43 (d a, 1H); 6,23 (s, 1H); 4,70 (s, 2H); 2,32 (s,
3H); 0,91 (s, 9H); 0,12 (s, BH)

Intermedio 6

O

F
0 LF
. F
o=%
O

| o} | 0\/Si/€

trifluorometanosulfonato _de 2-({[(1,1-dimetiletiN{dimetil)sililloxi}metil}-6-metil-4-oxo-
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4H-piran-3-ilo N

En un matraz de fondo redando y de 500 ml se introdujo el Intermedio
(16,72 g) en N,N-dimetilformamida seca (170 ml) vy la solucidn se agitd én una
atmosfera de N, durante 10 min. Después, se anadieron en porciones N-
feniltrifluorometanosuifonimida (FLUKA, 23,85 g) y carbonato potasico en polvo
(ALDRICH, 10,68 g). Después de agitar durante 1,5 h, el carbonato potasico se
retird por filtracion y se lavd con terc-butil-metil-éter (300 ml). El filtrado se diluyé
con 100 ml de terc-butil-metil-éter y se lavé con NH;.Cl 1 N (2 x 400 ml). La capa
acucsa se extrajo con terc-buti-metil-éter (200 ml). Los extractos organicos
combinados se lavaron con Na,CO; (3 x 400 ml) y salmuera (400 ml), se secaron
sobre Na,S0O,, se filtraron y se concentraron al vacio para dar 24,7 g del compuesto
del titulo en forma de un sélido naranja palido. 'H RMN (8, ppm, CDCly): 6,29 (s,
1H); 4,6624 (s, 2H); 2,34 (s, 3H); 0,92 (s, 9H); 0,13 (s, 6H) '

Intermedio 7a

2-({[(1,1-dimetileti(dimetil)sililloxi}metil}-6-metil-3-[4-({4-
[(trifluorometil}oxilfenil}oxi)fenill-4H-piran-4-ona

En un matraz de fondo redondo y de 1 | se pusieron el Intermedio 6 (11,8 g)
y tolueno seco (90 ml) y la solucion resuitante se desoxigend burbujeando argdn a
su través durante 15 min. Se afadidé cloruro dé bis(trifenilfosfina)paladio (ll)
(ALDRICH, 1,03 g) y la mezcla se desoxigené de nuevo burbujeando argén a su
traves durante 30 min. Después, se afiadié una solucion del Intermedio 19 (10,5 g)
en etanol seco (200 ml). Finalmente, se afiadi6 carbonato sodico (12,45 g).
Después de calentar durante 2 h y 45 minutos a 80°C en una atmosfera de argon,
la mezcla se agitd a temperatura ambiente durante una noche, después se filtrd y
se concentr6 a sequedad al vacio. El producto bruto se disolvié en terc-
butilmetiléter (700 ml), se lavdé con NaOH 1 N {2 x 500 ml), H,O (500 ml) y salmuera
(450 ml), se secd sobre MgSOy, se filtré y se concentrd para producir una solucién
oscura que se fitré a través de una capa de celite. La solucidn resultante se
concentrd a sequedad para producir un residuo oleeso oscuro que se purificé por

cromatografta en columna sobre gei de silice eluyendo con mezclas de acetato de

[
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etilofhexano (0-50%). Se obtuvieron 10,3 g del compuesto del titulo en forma de un
solido pardo. '"H RMN (8, ppm, CDCl,): 7,28 (d, 2H); 7,20 (d, 2H); 7,07-7,02 (m, 4H);
6,25 (s, 1H); 4,39 (s, 2H); 2,33 (s, 3H); 0,89 (s, 8H); 0,05 (s, 6H)

Intermedio 7b

o\,%

Si
/ N\
2-({[{1,1-dimetileti)dimetil)sililjoxi}metil)-B8-metil-3-(4-{[ 3-(trifluorometil)fenilloxi}fenil)-

4H-piran-4-cna ‘
En un matraz de fondo redondo, de 2 bocas y de 25 ml se pusieron el

Intermedio 6 (500 mg) y tolueno seco (4 ml) y la solucién resultante se desoxigend
burbujeando argdn a su través durante 15 min. Se afadieron cloruro de
bis(trifenilfosfina)paladio (I) (ALDRICH, 43,5 mg) y una solucién del Intermedio 20
{420 mg) en etanol seco (9 ml), la mezcla resultante se desoxigend de nuevo
burbujeando argon durante 15 min y después se afiadié carbonato sddico (525 mg).
Después de 3 h y 15 minutos de calentamiento a 80°C en una atmosfera de argon,
la mezcla se enfrid a temperatura ambiente, se filtro, se lavo con tolueno/metanol y
se concentrd a sequedad. El producto bruto se disolvid en terc-butil-metil éter y se
lavd con NaOH 1 N (2 x), H,O y NaOH, se secd sobre MgSQO,, se filtrd y se
concentré a sequedad. El residuo oleoso de color caramele se purificé por
cromatografia en columna sobre gel de silice eluyendo con mezclas de acetato de
etilo/hexano (0-70%). Se obtuviercn 460 mg del compuesto del titulo en forma de
un aceite de color caramelo.

'H RMN (8, ppm, COCL): 7,46 (m, 1H); 7,36 (m, 1H); 7,32-7,29 (m, 3H);
7,24-7,20 (m, 1H); 7,05 (d, 2H); 6,25 (s, 1H); 4,39 (s, 2H); 2,33 (s, 3H); 0,89 (s, 9H);
0,04 (s, 6H)

Intermedio 8a
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- 2-(Hidroximetil)-6-metil-3-[4-({4-[(trifluorometiloxilfenilloxilfenil]-4{1H)-piridinona

METODO A
A una solucion del Intermedio 7a (10,1 g) en etanol (60 ml) se le afadié

amoniaco acuoso al 30% (200 ml). La suspension obtenida se puso en un reactor

_de acero, se calenté a 140°C y a una presion de 20 bares (2068,43 kPa (300 psi))

durante 8,5 h y después se dejé enfriar a temperatura ambiente durante una noche.
El precipitado se filtro, se lavo con H,O (700 ml) y acetato de etilo (20 ml) y se secd
al vacio para producir 5,39 g del compuesto del titulo en forma de un polvo gris
después del secado al vacio. '"H RMN (8, ppm, DMSO-ds): 10,84 (d a, 1H); 7,39 (d,
2H); 7,21 (d, 2H); 7,12 (d, 2H); 7,02 (d, 2H); 5,98 (s, 1H); 5,49 (d a, 1H); 4,22 (s,
2H); 2,24 (s, 3H).
METODO B

Una solucién del Intermedio 23 (0,365 g) en THF seco (10 ml) se enfrié a -
75°C en una atmosfera de argon. Se afiadié una solucién de n-Buli (1,4 ml, 1,78 M
en hexanos), la mezcla se agité en una atmésfera de Ar durante 40 minutos y
después se anadieron 0,16 ml de N-metoxi-N-metil-acetamida. La mezcla se agitd a
-75°C durante 3 h. El analisis por HPLC mostré gque aun quedaba material de
partida. Se afiadieron consecutivamente cantidades adicionales de n-BuLi (0,14 ml,
1,78 M en hexanos) y N-metoxi-N-metil-acetamida (0,050 ml) y la mezcla se dejo en
agitacion en una atmosfera de Ar a -75°C durante 1 h. Se afiadis HCI2 N (5 ml) y la
mezcla se agitd a temperatura ambiente durante 1 h, después se anadieron agua
(50 ml) y t-BuOMe (50 ml} y la mezcla se dividid. La capa organica se lavo con agua
(50 ml), NaHCOQO; al 10% (50 ml) y salmuera (50 ml). Se sec6 sobre Na,SO, vy
después se concentré a sequedad para producir 0,425 g de un aceite naranja. Este
se disolvid en t-BuOMe (20 mi) y se afiadié carbon activado (0,3 g). La mezcla se
agitd durante 3 h a temperatura ambiente, se filtré y se evapord a sequedad. De
esta manera, se obtuvieron 0,38 g de material bruto, que se usaron en la siguiente
etapa sin purificacion adicicnal. El producto bruto obtenido como se ha descrito
anteriormente (0,38 g) se disolvié en EtOH (20 ml) y sobre la solucion se afiadid

paladio al 10% sobre carbon activadoe (50 mg). La mezcfa obtenida de esta manera
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se hidrogeno durante 6 h (presién de 2 bares de hidrégeno). Se anadiéo mas Pd(C)
(50 mg) y la mezcla se hidrogené en las mismas condiciones durante 18 h. La
filtracién del catalizador y la evaporacién del disolvente a sequedad dieron 0,375 g
del producto bruto, que se disolvido en E1OAc (3 ml) y se dejd cristalizar a
temperatura ambiente durante una noche y después en el frigorifico durante 6 h. El
producto se filtré, se lavé con EtOAc y se secé al vacio. Se obtuvieron 0,17 g del
compuesto del titulo en forma de un sdélido blanco.

"H RMN (8, ppm, DMSO-dg): 10,84 (d a, 1H); 7,39 (d, 2H); 7,21 (d, 2H); 7,12
{d, 2H); 7,02 (d, 2H); 5,98 (s, 1H); 5,49 (d a, 1H}; 4,22 (s, 2H); 2,24 (s, 3H).
METODO C

A una mezcla del Intermedio 23 (0,548 g) y cloruro de litic anhidro (0,572 g)
en tetrahidrofurano seco (15 ml) en una atmésfera de argon se le afiadid
diisopropilamina redestilada (0,63 ml) y la mezcla se enfrié a -75°C. Se anadio en
porciones una solucién de n-Buli (2 ml, 1,7 M en hexanos), la mezcla se agito en
una atmdsfera de argdn a -75°C durante 1 hora, después se afiadio gota a gota N-
metoxi-N-metilacetamida (0,225 ml) y la mezcla se agitd a -75°C durante 4 h. Se
afadid HC1 2 N (10 ml), la mezcla se agitd a temperatura ambiente durante 0,5 h,
después se afadieron HCI 1 N (75 ml) y t-BuCMe (75 ml) y la mezcla se repartié.
La capa organica se lavé con HC! 1 N (2 x 75 ml), NaHCO; al 10% (75 ml), agua
{75 ml) y salmuera (75 ml). Se secd sobre Na,SQ,4 se filtré y se evapord a
sequedad para producir 0,62 g de un aceite pardo péalido como un producto bruto
que se usd para la siguiente etapa sin purificacion adicional.

El producto bruto (0,62 g) se disolvié en EtOH (25 ml) y a la solucién se le
afadié paladio al 10% sobre carbon activado {60 mg) en una atmédsfera de
nitrégeno. La mezcla obtenida de esta manera se hidrogeno durante 8 h (presion de
2 bar de H;) en un aparato Parr. Se afadid mas paladio al 10% sobre carbén
activado (60 mg) y la mezcla se hidrogend en las mismas condiciones durante 14 h.

La mezcla se filtré a través de una membrana de Nylon de 0,45 pm y se lavo
con 2:1 de CH.Cl/MeOH (3 x 5 ml). La eliminacion de los disolventes a sequedad
dio 0,61 g de producto bruto que se disolvid en EtOAc (5 mi). A esta solucion se le
afadid 1 ml de hexano, después se dejo cristalizar a temperatura ambiente y
después se puso en el frigorifico durante una noche. El sélido obtenido se retird por
filtracién, se lavd con una mezcla 3:2 de hexano/acetato de etilo (2 x 4 ml) y se seco
al vacio para dar 0,42 g del compuesto del titulo en forma de un sdélido blanco.

'H RMN (5, ppm, DMSO-dg): 10,84 (d a, 1H); 7,39 (d, 2H); 7,21 (d, 2H); 7,12
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(d, 2H); 7,02 (d, 2H); 5,98 (s, 1H); 5,49 (d a, 1H); 4,22 (s, 2H}; 2,24 (s, 3H).
METODO D

Una solucion del Intermedio 23 (160 mg) en tetrahidrofurano seco (2 ml) se
enfrié a -78°C en una atmdsfera de argén. Se afiadié gota a gota una solucién de n-
BuLi (0,44 ml, 2,5 M en hexancs), la mezcla se agité en una atmésfera de argén
durante 30 minutos a -78°C, después se afiadié N-metoxi-N-metilacetamida {0,056
ml) y la mezcla se agitd. Después de aprox. 30 min, la mezcla se convirtié en un gel
denso y la reaccion se calentd a -50°C durante 2 h para permitir gue la reaccién se
volviera mas fluida. La mezcla de reaccién se calenté a -5°C y se anadid HCl 6 N
(10 mi). La mezcla se agitd durante 2 h, después se neutralizé (hasta un valor de
pH de aprox. 7-8) con NaHCOQO; al 10% y se extrajo tres veces con t-BuOMe. Las
capas organicas combinadas se lavaron con salmuera, se secaron sobre Na,SO,
anhidro, se filtraron y se concentraron al vacio. El residuc se purificé por
cromatografia sobre gel de silice eluyendo con 10:90 a 50:50 de EtOAc-Hexano
para producir 45 mg (28%) del Intermedio de partida 23 y 121 mg (67%) de 1-{3-
(hidroximetil)-4-[4-({4-[(trifluorometil)oxilfenil}oxi)fenil]-5-isoxazolil}-2-propanona en
forma de un aceite amarillo.

'"H RMN (8, ppm, DMSO-ds): 7,34 (d, 2H); 7,22 (d, 2H); 7,06 (d, 2H); 7,05 (d,
2H); 4,72 (d, 2H); 3,88 (s, 2H); 2,45 (s g, 2H); 2,26 (s, 3H).

El producto descrito anteriormente (0,114 g) se disolvié en EtOH (20 ml) y a
la solucién se ie afadio paladio al 10% sobre carbén activado (15 mg). La mezcla
obtenida de esta manera se hidrogeno durante 6 h (presidén de 2 bar de H;) en un
aparato Parr. Se afadié mas paladio al 10% sobre carbon activado (15 mg) v la
mezcla se hidrogend en las mismas condiciones durante 16 h.

La mezcla se filtrd a través de un filtro de nylon de 0,45 pl. La eliminacion de
los disolventes a sequedad dio 0,1 g del producto bruto que se trituré con EtOAc (1
ml). El sélido obtenido se retird por filtracioén y se seco al vacio para dar 0,061 g del
compuesto del titulo en forma de un solido amarillento (intermedio 8a).

'H RMN (8, ppm, DMSO-ds): 10,97 (d a, 1H); 7,39 (d, 2H); 7,21 (d, 2H); 7,12
(d, 2H); 7,02 (d, 2H); 5,98 (s, 1H); 5,49 (d a, 1H); 4,22 (s, 2H); 2,24 (s, 3H).
Intermedio 8b

07
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2-(Hidroximetil)-6-metil-3-{4-[3-(trifluorometibfenil}oxiyfenill-4(1 H)-piridingna
A una solucion del Intermedio 7b (455 mg) en etanol (13 ml) se le afiadi6é

amoniaco acuoso al 30% (60 ml). La suspension obtenida se puso en un reactor de
acero y se calentd a 140°C. Después de 8,5 h de calentamiento, el reactor se dejo
enfriar a temperatura ambiente durante una noche. El disolvente organico se retird
al vacio y la solucién acuosa resultante se liofilizd para producir 316 mg de un
solido pardo. Este sélido se lavd con acetato de etilo (12 ml), se filtré y se seco al
vacio para dar 161 mg del compuesto puro en forma de un sélido blanco.

'H RMN (8, ppm, DMSQ-dg): 10,97 (d a, 1H); 7,63 (t, 1H); 7,48 (d, 1H); 7,33-
7,30 (m, 2H); 7,24 (d, 2H); 7,06 (d, 2H); 5,96 (s, 1H); 5,52 (t, 1H), 4,‘22 (s, 2H); 2,24

(s, 3H)
Intermedio 9 (J. Am. Chem. Soc; EN; 121; 30; 1999; 7020 - 7025).
Q
OH
HO | I OH
0

3-hidroxi-2 6-bis(hidroximetil)-4H-piran-4-ona

En un matraz de fondo redondo y de 100 ml se afadieron acido Kojic
(FLUKA, 5 g), NaOH 1 N (39 ml) y H,O (10 ml). La mezcla se enfrio (bafio de
hielo/fagua) y se afadid gota a gota formaldehido acuoso al 37% (ALDRICH, 2,9

ml). Después de 34 h a temperatura ambiente, se afadid gota a gota mas
formaldehido acuoso al 37% (ALDRICH, 0,5 ml) y la solucién se dejo en agitacién
durante 18 h. La mezcla se acidificé mediante la adicién de HCI concentrado y el
disolvente se elimind a sequedad al vacio para dar un producto bruto que se tratd
con agua enfriada para producir un precipitado sélido que se filtro y se seco al
vacio. Se obtuvieron 3,056 g del compuesto del titulo en forma de un sélido blanco.
El fitrado se concentrd al vacio y se separd un segundo cultivo de sélido. Se
obtuvieron 1,154 g mas del compuesto de! titulo. '"H RMN (5, ppm, CDsOD): 6,46 (s,
1H); 4,61 (s, 2H); 4,43 (s, 2H)

oy
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Intermedio 10

HO
0

3-hidroxi-6-(hidroximetil)-2-metil-4 H-piran-4-ona

A una suspension del Intermedio 9 (6,56 g) en agua (22,8 ml} a 50°C se le
afiadieron gota a gota polvo de cinc (PANREAC, 4,98 g) y HCl conc. (11,43 ml) y ia
mezcla se calentd a 70-80°C durante 5 h. El exceso de cinc se retird por filtracion
caliente a través de celite y la torta de filtro se lavé con agua enfriada. A 1a solucion
acuosa se le anadio NaCl solido hasta que se separd un soélido. Este sélido se retird
por filtracién y se secd al vacio para obtener 3,16 g del compuesto del titulo.

'H RMN (8, ppm, DMSO-d¢): 8,69 (s, 1H); 6,26 (s, 1H); 5,63 {t, 1H); 4,26 (d,
2H); 2,26 (s, 3H)

Intermedio 11

HO

trifluorometanosulfonato de 8-(hidroximetil}-2-metil-4-oxo-4H-piran-3-ilo

A una solucién del Intermedio 10 (180 mg) en N ,N-dimetilformamida seca (9
ml) en una atmésfera de N, se le afiadieron carbonato potasico (ALDRICH, 478 mg)
y N-feniltriffuorometanosulfonimida (FLUKA, 412 mg). Después de agitar durante
0,5 h a temperatura ambiente, se afadid® NH,Cl 1 N y ia mezcla se extrajo con
acetato de etilo. La capa orgénica se lavd con NH,Cl 1 N (4 x), NaCH 0,5 N y
salmuera, se secd sobre Mg,SO,, se filtrd y se concentrd al vacio. El residuc se
purificé por cromatografia (CH,Cl, al 96%/MeQOH) para producir 166 mg del
compuesto del titulo en forma de un sélido blanco. '"H RMN (8, ppm, CDCl): 6,57
(s, TH); 4,51 (d, 2H); 2,83 (t, 1H); 2,42 (s, 3H)

Intermedio 12a

09
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HO
O

6-(hidroximetiI)-2-metiI-3-[4-({4-[(trifluorometil)oxi]fenil}oxi)feniI]—4H—piran-4-ona

En un matraz de fondo redondo y de 2 bocas se pusiercn el Intermedio 11
(160 mg), tolueno seco (1,7 ml) y etanol seco (0,5 ml). La solucién resultante se
desoxigend burbujeando N, Se afadieron tetraquis(trifenilfosfina)paladio (0)
(ALDRICH, 38 mg) seguido de una solucion del Intermedio 19 (215 mg) en etanol
seco (4 ml) y carbonato sédico (235 mg). La mezcla se desoxigend en una
atmosfera de N, y se calentd a 80°C durante 4 h. La mezcla se concentré a
sequedad, se anadieron NH,Cl 1 N y acetato de etilo y ta mezcla se agitd durante
10 minutos. La capa acuosa se extrajo con acetato de etilo y los extractos organicos
combinados se lavaron con salmuera, se secaron scbre MgSQO,, se filtraron y se
concentraron al vacio. El producto bruto se purificé por cromatografia en columna
(metancl al 1%, 2%/diclorometano) para producir 202 mg del compuesto del titulo
en forma de un aceite naranja. '"H RMN (8, ppm, CDCl): 7,23-7,19 (m, 4H); 7,08-
7.02 (m, 4H); 6,49 (s, 1H); 5,30 (s, 1H); 4,50 (d, 2H); 2,46 (t, 1H), 2,24 (s, 3H)

Intermedio 12b

o M| g
0 F~ OF

6-(hidroximetil)-2-metil-3-(4-{[3(trifluorometii}fenilloxi}fenii)-4H-piran-4-ona

El Intermedio 12b se prepard mediante un método analogo al descrito para
el Intermedio 12a usando el Intermedio 11 (2,3 g) en tolueno (24 ml), cloruro de
bis(trifenilfosfina)paladio (I} (ALDRICH, 280 mg) como catalizador, el Intermedio 20
(2,7 g) en EtOH (55,86 ml} y carbonato sédico (3,38 g). La mezcla se calento a
85°C durante 40 minutos, se enfrid, se filtrd a través de una capa de celite que se
lavé con acetato de etilo y el disolvente se evapord. El producto bruto se disolvid en
EtOAc, se lavo con NH.CI 1 N (1 x), H,0 (1 x), NaHCO; sat. (1 x) y NaCl (1 x), se

seco (MgSQ,) y se concentrd al vacio. La purificacion por cromatografia en columna

- (EtOAc-hexano al 0-100%) dio una primera fraccién de 931 mg del compuesto del

((0
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titulo junto con una muestra impura que se re-purificd adicionalmente por
cromatografia en columna para producir 510 mg mas del compuesto del titulo en
forma de un sélido amarillo.

'H RMN (8, ppm, CDCl,): 7,49-7,33 (m, 3H); 7,23 (m, 3H); 7,05 (d, 2H); 6,53
(s, TH); 4,51 (s, 2H); 2,25 (s, 3H).

Intermedio 13a

O

®) F
T L

jﬁg o
HO
N
H .

6-(hid roximetil)-2-metiI-3-[4-({4-I(trifluorometiI)oxi]_fenil}oxi)feniI]-4(1 H)-piridinona

Una suspension de 195 mg del Intermedic 12a en metanol (2 ml) se
introdujo en un tubc para microondas con agitacion magnética. Se afadié amoniaco
acuoso al 30% (3 ml) y la suspension resultante se calenté a 140°C durante 30
minutos con radiacion con microondas. Después de la refrigeracion, el producto
bruto se diluyd con agua y se filtré al vacio. El sélido se lavé con acetonitrilo para
dar 92 mg del compuesto del titulo en forma de un sélido blanquecino.

'H RMN (5, ppm, DMSO-dg): 11,09 (d a, 1H); 7,39 (d, 2H); 7,19 (d, 2H); 7,12
(d, 2H); 7,02 (d, 2H); 6,07 (s, 1H); 5,51 (d a, 1H); 4,33 (d a, 2H); 2,10 (s, 3H)
Intermedio 13b

6-(hidroximetil)-2-metil-3-(4-{[3(trifluorometil}fenilloxi}fenil)-piridin-4{ 1 H)-ona

A una solucion del Intermedio 12b (200 mg) en metanol (1,5 ml) se le afiadié

amoniaco acuoso al 30% disponible en el mercade (3,5 ml) con agitacién. La
reaccion se realizé a 140°C durante 30 minutos con radiacién con microondas.
Déspués de la refrigeracion, el preducto bruto se diluyd con agua y se filtré al vacio.
El solido se lavd con acetonitrilo para dar 104 mg del compuesto del titulo en forma
de un sélido blanquecino.

"H RMN (8, ppm, DMSO-dg): 11,08 (s a, 1H); 7,62 (m, 1H): 7,48 (d, 1H); 7,32
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(m, 2H): 7,21 (d, 2H); 7,06 (d, 2H); 6,07 (m, 1H); 5,5 (m, 1H); 4,32 (s, 2H); 2,09 (s,
3H).

Intermedio 14

5-Cloro-8-metil-4-oxo-3-[4-({4-[(trifluorometiloxilfenil}oxilfenill-1.4-dihidro-2-
piridinacarbaldehido

A una solucion del Ejemplo 1 (0,506 g) en diclorometano (5 ml} se le
afiadieron gota a gota DMSO (3,48 ml} y trietilamina (1,26 ml). Esta mezcla se
enfrid a 0°C y se le afadié en pequefias porciones complejo de tridxido de azufre;
piridina (0,947 g). Se dejé que la temperatura de la reaccion alcanzara la
temperatura ambiente y la mezcla se agité durante 21 horas. La mezcla se diluyo
con diclorometano y se lavd con agua {3 x 40 ml). La fase organica se seco6 sobre
Na,S0O, anhidro y se concentré al vacio para dar un aceite parde que se purificé por
cromatografia en columna sobre gel de silice usando diclorometano como primer
eluyente, y después mezc¢las v/iv de metanol/diclorometano (1:600, 1:500, 1:400 y
1:200). Se obtuvo una cantidad total de 424 mg del compuesto del titulo después de
la evaporacién del disolvente en las fracciones apropiadas.

'H RMN (8, ppm, CDCl,): 9,66 (s, 1H), 9,03 (s a, 1H), 7,41 (d, 2H), 7,23 (d,
2H), 7,12-7,06 (m, 4H), 2,60 (s, 3H); [ES MS] m/z 424 (MH").

Intermedio 15

3-Cloro-6-metil-4-oxo-3-[4-({4-[(triflucrometil)oxilfeniltoxi)fenil]- 1.4-dihidro-2-

piridinacarbaldehido

A una suspension del Ejemplo 3 (0,422 g) en diclorometano {4,25 ml} se le

afiadié6 DMSO anhidro {3 ml) en una atmésfera de argdn. La solucion resultante se
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enfrid en un bano de hielo-agua y se anadid trietilamina (1 ml) seguido de complejo
de triéxido de azufre-piridina (0,788 g). La mezcla se dejo calentar a temperatura
ambiente durante una noche. Después de 20 h de agitacién, la mezcla se lavé con
agua (5 x), se secd sobre Na,SO, y se concentré a sequedad. Se obtuvieron 380
mg del compuesto del titulo en forma de un pelve amarillo.

"H RMN (8, ppm, CDCl): 10,33 (s, 1H); 7,22 (m, 4H); 7,06 (m, 4H); 2,30 (s,
3H).
Intermedio 16

‘/

(2E)-3-{5-clorc-6-metil-4-oxo-3-[4-({4-[trifluorometil) oxilfenil}oxi)fenil]-1 ,4—dih'idro-2-

piridinil}-2-propenoato de etilo

A una solucion del Intermedio 14 (0,154 g) en diclorometano (7,20 ml) en
una atmodsfera de argon se le afadid (carbetoximetileno)-trifenilfosforano (0,190 g).
La mezcla de reaccidn se agitd a temperatura ambiente durante 2 horas y después
se lavo con agua (3 x 5 ml). La capa organica se seco sobre Na,50, anhidro y se
concentréd al vacio para dar una mezcla de ésteres trans/cis o B-insaturados. El
producto bruto se purificd por cromatografia en columna sobre gel de silice
(eluyente CH,OH/CH,CI; al 0-5%). Se obtuvieron 0,058 g del producto del titulo en
forma de un solido amarilio.

'H RMN (3, ppm, CDCly): 13,41 (s, 1H), 7,26 (d, 2H), 7,20 (d, 2H), 7,08 (d,
2H), 7,03 (d, 2H), 6,72 (d, 1H), 6,00 (d, 1H), 4,23 (c, 2H), 2,56 (s, 3H), 1,37 {t, 3H)

Intermedio 17

1-Bromo-4-({4-[(trifluorometiboxilfenilloxi)benceno

Una solucion de 4-bromofencl (0,173 g) en 4 mt de 1-metil-2-pirrolidona en
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una atmosfera de argén se tratdé con 4-(trifluorometoxi)yadobenceno (0,313 ml),
2,26 6-tetrametilheptanc-3,5-diona (0,046 ml) y carbonato de cesio (0,652 g). La
suspension se desgasificd burbujeando argon durante 15 min y se afadié cloruro
de cobre (1) (0,099 g). La mezcla de reaccion se desgasificd burbujeando argon
durante 15 min y después se calentd a 100°C en una atmdsfera de argén durante 5
h. La mezcla de reaccion se enfrié a temperatura ambiente y se afadié gota a gota
a 30 ml de terc-butil-metil-éter. La suspensién se filtrd y los solidos se lavaron con
terc-butil-metil-éter (3 x 20 ml}. Los filtrados combinados se lavaron posteriormente
cen NaOH 1 N (50 ml), agua (50 ml), HCI 2 N (50 ml), HCI 1 N (50 ml), agua (50 ml)
y salmuera (50 ml). La capa organica resultante se secé sobre Na,S0O, y se
concentré para dar un producto bruto que se purificd por cromatografia en columna
sobre gel de silice eluyendo con hexano para producir 0,15 g del compuesto del
titulo en forma de un liquido incoloro. '"H RMN (&, ppm, CDCls): 7,45 (m, 2H); 7,20
(m, 2H); 6,99 (m, 2H); 6,90 (m, 2H)

Intermedio 18
)@fo
Br

1-[(4-bromofenil)oxil-3-(trifluorometilibenceno

En un matraz de fondo redondo y de 2 bocas se afiadieron 4-bromofenol
(ALDRICH, 500 mg) y 1-metil-2-pirrolidona (ALDRICH, 12 ml) en una atmoésfera de
argéon. Después, se anadieron triflucruro de 3-yodebencilo (ALDRICH, 1,18 g),
2,2,6 6-tetrametil-3,5-heptanodiona (ALDRICH, 0,133 ml) y carbonato de cesio en
polvo {ALDRICH, 1,88 g} y la mezcla se agitd durante 15 minutos en una atmosfera
de argén. Finalmente, se afiadio cloruro de cobre () (ALDRICH, 143 mg) y la
mezcla se agitd durante 20 minutos en una atmosfera de argén. La mezcla
resultante se calenté a 105°C durante 3,5 h y se enfrié a temperatura ambiente. Se
anadid terc-butil-metil éter (60 ml) y la mezcla se agité durante 15 minutos, se filtrd
para retirar los sélidos (sales de cobre) y se lavé con terc-butil-metit-éter. El filtrado
se lavo con HCI 2 N {70 ml}, HCI 1 N {70 ml), NaOH 2 N (2 x 60 ml) y salmuera (70
ml), se secé sobre MgSQ,, se filtré y se evapord al vacio para dar 964 mg del
compuesto del titulo.

'"H RMN (8, ppm, CDCly): 7,48 (d, 2H); 7,44 (d, 1H); 7,36 (d, 1H); 7,24 (s,

4
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1H); 7,15 (m, 2H); 6,91 (d, 2H)
Intermedio 19

Acido [4-({4-[(trifluorometil)oxilfeniltoxilfenillborénico

A una solucion del Intermedio 17 (4,53 g) en tetrahidrofurano seco (100 ml)
a -75°C se le anadié gota a gota borato de triisopropilo (4,1 ml). La mezcla se enfrié
a -78°C y se le afadié gota a gota n-butillitio 1,47 M en hexanos (11,1 ml). La
mezcla se agitd durante 3 horas a -75°C, después se inactivd mediante la adicion
de HCI 6 M (12 ml) y se agité durante una noche en un bafic de acetona y didxido
de carbono sdlido, tiempo durante el cual ia reaccién se caienté a temperatura
ambiente. La mezcla se reparti6 entre acetato de etilo {200 ml} y agua (200 mi), las
capas se separaron y la capa organica se lavé con agua (2 x 200 ml) y salmuera
(200 ml), después se sect scbre Na,SQ,, se filtrd y se evapord a sequedad. El
sdélido obtenido se traté con NaOH 2 N (60 ml), se agitd durante varios minutos, se
diluy6 con agua (250 ml) para disolver el precipitado solido blanco observado y la
soiucion se filird a través de un filtro de nylon de 0,45 pm. El filtrado se lavé con
pentano (2 x 200 ml), la capa acuosa se acidific6 a pH 1,5 con HCI 6 N vy el
precipitado se retiré por filtracion, se lavo con agua vy se secé al vacio para dar 3,23
g del compuesto del titulo en forma de un sélido amarillo palido.

'H RMN (8, ppm, CDCly): 8,01 (s a, 2H); 7,85-7,78 (m, 2H); 7,43-7,33 (m,
2H); 7,15-7,07 (m, 2H); 7,02-6,94 (m, 2H).

Intermedio 20
0]
HO\BQ

I
CH

Acido (4-{[3-(trifluorometil)fenilloxi}fenil)borénico

En un matraz de fondo redondo y de 500 ml se afiadieron una solucién del
Intermedio 18 (17,576 g) en tetrahidrofurano seco {100 ml) en una atmosfera de

argdn, 100 ml mas de tetrahidrofurano y borato de triisopropilo (ALDRICH, 16,63
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mi). La mezcla se enfri6 a -78°C y se afadié gota a gota n-butilitic 1,65 M
(ALDRICH, 40,3 ml). La solucidn se agitdé a -78°C durante 4 h y 45 minutes,
después se afiadid gota a gota HCI 6 N (55 ml) y la mezcla se agitd a temperatura
ambiente durante una noche. E| tetrahidrofuranc se retiré a presién reducida y se
afadieron terc-butil-metil-éter (500 ml) y agua (400 ml). La capa organica se lavo
con NayS,05 (400 ml), H,O (400 ml) y salmuera (400 ml), se seco sobre MgSQ,, se
filtrd y se evaporé al vacio. Al producto bruto resultante se le anadieron NaCH 2 N
(325 ml) para formar la sal sodica y agua (600 ml) para disclverla. La solucion
acuosa se extrajo con pentanc (2 x 500 ml) para retirar algunas impurezas y se
acidifico mediante la adicién de HC! 2 N (325 ml, pH = 1). El precipitado blanco se
filtro, se lavd con agua y se secd al vacio para dar 11,0483 g del compuesto del
titulo en forma de un sélido blanco.

'H RMN (3, ppm, DMSO-dg): 8,04 (s, 2H); 7,83 (d, 2H); 7,62 (m, 1H); 7,49 (d,
1H); 7,30 (m, 2H); 7,02 (d, 2H)

Intermedio 21

HO

RS o
—0

N

(5-metil-3-isoxazalilimetanol

A una suspensidbn de 5-metil-3-isoxazolocarboxilato de metilo (9 g,
disponible de ABCR) en etanol seco (90 ml) en un bafio de hielo en una atmédsfera
de nitrogeno se le afadid en porciones borohidruro sédico (3,6 g) v la mezcla se
agitdé a temperatura ambiente durante 3 h. l.a mezcla se enfrié con un bafio de hielo
y se hidrolizd cuidadosamente mediante la adicion de HCI 1 N (120 ml) hasta
alcanzar un valor de pH <7. La mezcla se concentré al vacio para eliminar el etanol
y la solucién acuosa resultante se neutralizé con NaOH acuoso (primero 5 N y
después 1 N) hasta alcanzar un valor de pH de 6-7. La solucion acuosa se extrajo
con DCM {6 x 50 ml) y las capas organicas combinadas se lavaron con salmuera
(50 mi), se secaron sobre sulfato sddico, se filtraron y se concentraron a sequedad
para producir el compuesto del titulo (6 g} en forma de un aceite amarillento. La
capa acuosa se extrajo de nuevo con DCM (3 x 50 ml) y las nuevas capas
organicas combinadas se secaron de nuevo sobre sulfato sédico, se filtraron vy el
disolvente se evapord a sequedad. Se obtuvo una cantidad adicional (1 g) del

compuesto del titulo en forma de un aceite amarillento. Las dos muestras (cantidad
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total 7 g) se usaron juntas para la siguiente etapa. 'H RMN (8, ppm, CDCls): 6,03 (s,
1H); 4,70 (s, 2H); 2,42 (s, 3H)

Intermedio 22

HO
N
\
N—Q
(4-yodo-5-metil-3-isoxazolilimetanol

METODO A
A una suspension de trifluoroacetato de plata (13,25 g) en DCM seco (175

m!) se le afadié a temperatura ambiente una solucién del Intermedio 21 (6,25 g) en
DCM seco (25 ml}). Después de 30 minutos de agitacién, se afadid en porciones
yodo (15,25 g) y la mezcla se agitd durante 30 minutos a temperatura ambiente y
después se calentd a 45°C en una atmésfera de nitrégeno durante 3 h. Se
afadieron cantidades adicionales de trifiucroacetato de plata (1,3 g) y yodo (1,5 g),
el calentamiento se continud durante 2 y después se dejd en agitacion a
temperatura ambiente durante una noche. La mezcla se diluyé con DCM (60 ml), se
retird por filtracion y se lavé con DCM (3 x 30 mi). El filtrado y los lavados
resultantes se lavaron sucesivamente con agua (200 ml), Na,S,0; al 10% (200 mi),
NaHCQ; al 10% (200 ml), agua (200 ml) y salmuera (200 ml), se secaron sobre
Na,S0O, y se concentraron a sequedad para producir 14,55 g de un material oleoso
que se hizo solido. Se trituré con heptano (8 ml) y el solido resultante se filtro y se
seco al vacio. De esta manera, se obtuvo un primer cultivo (6,2 g) del compuesto
deseado en forma de un sdlido blanco. Los lavados organicos combinados se
evaporaron a sequedad para producir 7,5 g de un residuc oleoso que se pasoé a
través de un lecho cortc de gel de silice, eluyendo con hexano y 4:1 de
hexano/EtOAc. La evaporacion del disolvente de las fracciones apropiadas dio un
material oleoso que se disolvid en MeOH {15 mi) y se tratd con HCI 1 N (10 ml) y
NaS,0; al 10% (10 ml) durante 30 minutos. Los disolventes se eliminaron a
sequedad y el residuo se repartié entre EtOAc (150 ml} y HCI1 1 N (100 ml). La capa
organica se lavd sucesivamente con Na,S;0s al 10% (100 mi), NaHCGC; al 10%
(100 ml) y salmuera (100 ml), después se secd sobre Na,S0Q, y se concentrd a
sequedad para producir 4,75 g de un sélido amarillento, que se trituré con heptano
(6 ml}, se filird, se lavd con heptano (4 ml) y se secd al vacio para obtener un
segundo cultivo (4,5 g) del compuesto deseado en forma de un sélide blanco.
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METODO B

A una suspension de ICI (6,3 g) en agua {75 ml) se le afiadi6 el hidroximetil-

metilisoxazol (3,4 g) seguido de TFA (11,1 ml). La mezcla se calent6 a 65°C en una

atmosfera de nitroégeno. Después de 2 h de calentamiento, se afadié mas ICI (1 g)
y la mezcla se calentd durante 2,5 h. La mezcla se dejd enfriar a temperatura
ambiente, después se diluyd con agua (150 ml) y se tratd con Na,S,0s al 10% (25
ml). La mezcla se hizo basica mediante la adicion en porciones de Na,COj; solido
(15 g) (pH = 7,5-8,0) y después se extrajo con diclorometano (1 x 100 ml + 2 x 75
ml}). Las capas organicas combinadas se lavaron con agua (50 ml) y salmuera (50
ml), se secaron sobre Na,S0O,, se filtraron y se concentraron a sequedad para
producir 6,58 g del compuesto del titulo en forma de un sdlido blangquecino
{rendimiento de 91%).

'H RMN (8, ppm, CDCl): 4,68 (d, 2H); 2,47 (s, 3H); 2,12 (t, 1H)

Intermedio 23
2 O

F
N\O | Pe

F7OF

{5-metil-4-[4-({4-[(trifluorometil}oxilfenilloxi}fenil]-3-isoxazolilimetano!

Una mezcla del Intermedio 22 (6 g), el Intermedio 19 (8 g) y paladio al 10%
sobre carbon activado (1,25 g) en etanol (150 ml) se desoxigend burbujeando
nitrégeno durante 30 minutos y después se le afadidé gota a gota una solucién al
10% de NaHCO; (75 ml). La mezcla se calentd a 85°C durante 5 h en una
atmoésfera de nitrogeno, después se dejé enfriar a temperatura ambiente y se agito
durante una noche. La mezcla se filtré a través de una membrana de nailon (0,45
um) y la torta de filtro se lavé con 2:1 de DCM/MeCH (3 x 75 ml). Se afiadié NaOH
1 N (15 ml) y los disolventes organicos se retiraron a presion reducida. Se formé uﬁ
solido negro que se elimind por filtracion. La torta de filtro se lavé con una pequefa
cantidad de una mezcla 2:1 de DCM/MeQH. Se afadié agua (60 ml) y se continud
la eliminacion de los disolventes organicos para producir una suspension acuosa
gue contenia un precipitado solido. El solido se filtré y después se lavo con NaOH 1
N (3 x 50 ml) y agua (4 x 50 ml}. Cuando se seco al vacio, el sélidc se lavo con
heptano (3 x 50 ml) y finalmente se secd. Se obtuvieron 8,82 g del compuesto del

titulo en forma de un solido blanco.
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'H RMN (8, ppm, CDCls): 7,37 (m, 2H); 7,25 (m, 2H); 7,06 (m, 4H); 4,72 (d,
2H); 2,46 (s, 3H); 2,11 (1, 1H)

Ejemplo 1
0O
: O F
\© A
Cl o F
OH

N
H

3-Cloro-6-(hidroximetil)-2-metil-5-[4-({4-[(trif luorometil)oxilfenil}oxi)fenill-4(1H)-
piridinona
En un matraz de fondo redondo y de 500 mi se disolviéd el Intermedio 8a

(5,25 g) en 2:1 v/v de diclorometano/metanol (135 ml). La mezcla se enfrio a 0°C en
una atmosfera de argdén con agitacion y después de 30 minutos se afadid acido
tricloroisocianurico (ALDRICH, 1,26 g). La solucién se agitd en una atmosfera de

nitrogeno durante 50 minutos, se filtrd y se lavé con 211 viv de

 diclorometano/metanol (60 ml). El filtrado se evapordé a sequedad, se afiadio

carbonato sédico al 10% (30 ml) y la mezcla se agité. El solido se filtro, se lavd con
H,O (100 ml), Na,COj3 al 10% (2 x 30 ml), H2O (2 x 50 ml) y acetenitrilo (2 x 15 ml y
1 x 20 ml) y se seco al vacio para dar 4,66 g del compuesto del titulo en forma de
un polvo blanquecino.

'"H RMN (3, ppm, DMSO-de): 11,50 (d a, 1H); 7,40 (d, 2H); 7,24 (d, 2H); 7,14
(d, 2H); 7,04 (d, 2H); 5,58 (d a, 1H); 4,23 (s, 2H); 2,24 (s, 3H). [ES MS] m/z 426

(MH+).
Ejemplo 2
0
9]
Cl

L o

N F F

H F
3-Cloro-6-(hidroximetil)-2-metil-5-[4-({4-[(trifluorometiloxilfeniiloxilfenil]-4( 1 H)-
piridingna

En un matraz de fondo redondo y de 25 ml se disolvio el Intermedio 8b (155
mg) en 2:1 v/v de diclorometano/metanol (9 ml). La mezcla se enfrido a 0°C en una
atmdsfera de argdn y se anadidé acido tricloroisocianurico (ALDRICH, 40 mg). La

solucion se agitd en una atmésfera de nitrégeno a 0°C durante 55 minutos, se filtrd
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y se lavd con 2:1 viv de diclorometano/metanol (13 ml). El filtrado se evapord a
sequedad, se afnadié carbonato sédico al 10% y la mezcla se agitd. El sélido se
filtrd, se lavé con Na,CO; al 10% (2 x) y acetonitrilo (6 ml) y se secé al vacio para
dar 130 mg del compuesto del titulo en forma de un sélido blanco.

'H RMN (8, ppm, DMSO-dg): 11,50 (d a, 1H); 7,64 (t, 1H); 7,50 (d, 1H); 7,34-
7,32 (m, 2H); 7,26 (d, 2H); 7,08 (d, 2H); 5,59 (d a, 1H); 4,243 (s, 2H); 2,45 (s, 3H).
Ejemplo 3

3-cloro-2-(hidroximetil)-6-metil-5[4-({4-[(triflucrometil)oxilfeniloxi)fenill-4(1H)-
piridinana
A una soluciébn del Intermedio 13a (80 mg) en 2:1 viv de

diclorometano/metanol (5 ml) se le afiadié a 0°C en una atmodsfera de nitrégeno
acido tricloroisocianurico (ALDRICH, 19,5 mg). La solucién se agité en una
atmésfera de nitrégeno a 0°C durante 2 h, se filtrd y se lavd con 2:1 viv de
diclorometano/metancl {60 ml). E! filtrado se evapér() a sequedad y se purificd por
cromatografia (MeOH al 3, 5 y 10%/CH,C}k) para producir 55,1 mg del compuesto
del titulo en forma de un sélido blanco.

'H RMN (3, ppm, DMSO-dg): 11,30 (d a, 1H); 7,40 (d, 2H); 7,21 (d, 2H); 7,14
(d, 2H); 7,04 (d, 2H); 5,89 (d a, 1H); 4,58 (s, 2H); 2,16 (s, 3H).
Ejemplo 4

HO
N F F
H

3-cloro-2-(hidroximetil)-6-metil-5-(4-{[3-(trifluorometil}fenilloxi}fenil)-4(1H)-piridinona

A una solucién del Intermedio 13b (214 mg) en una mezcla 2:1 v/v de
diclorometano/metanol a 0°C se le afadid acido tricloroisocianurico (53 mg). La
mezcla se agitd a esta temperatura durante 40 min. El producto bruto se filtro, se

concentré y 'a mezcla obtenida se purificé por cromatografia en columna
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(diclorometano/metanol al 5%). La evaporacion del disolvente de las fracciones
apropiadas dio un sélido que se trituré con acetonitrilo, se filtré y después se seco al
vacio para producir el compuesto del .titulo {85 mg) en forma de un sélido blanco.

"H RMN (8, ppm, DMSO-dg): 11,31 (s a, 1H); 7,64 (m, 1H); 7,50 (d, 1H); 7,34
(m, 2H); 7,21 (d, 2H); 7,08 {d, 2H); 5,89 {m, 1H); 4,58 (m, 2H); 2,16 (s, 3H}. [ES MS]

m/z 410 {(MH™).
o
0
>
Cl
0

Ejemplo 5
5-Cloro-6-metil-4-oxo-3-[4-({4-[(trifluorometil)oxilfenil}oxi)fenil]-1.4-dihidro-2-
piridinacarbaldehido oxima

El Intermedio 14 (0,204 g) y clorhidrato de hidroxilamina (0,167 g) se

mezclaron en etanol (3,37 ml) en una atmoésfera de argdn, después se anadio

piridina (0,167 ml} y la mezcla se calentd a reflujo (75-80°C) durante 1 hora. La

mezcla de reaccidn se concentrd al vacio para dar un polvo de color beige que se

triturd con agua vy se filtrd. El sélido obtenido se lavd con agua y desbués se seco al

vacio para producir 0,166 g del compuesto del titulo en forma de un polvo blanco.
'H RMN (8, ppm, CD;0D): 7,66 (s, 1H), 7,31-7,25 (m, 4H), 7,15 (d, 2H), 7,10

(d, 2H), 2,57 (s, 3H). [ES MS] m/z 439 (MH").

Ejemplo 6

5-Cloro-6-metil-4-oxo-3-[4-({4-[(trif uorometiloxilfenilloxi)fenil]-1.4-dihidro-2-

piridinacarbaldehido O-metiloxima (estereoquimica desconocida)

El Intermedio 14 (0,100 g) e hidrocloruro de metoxilamina (0,079 g) se
mezclaron en etanol (1,65 ml) en una atmoésfera de argdn, después se anadio
piridina (0,079 ml) y la mezcla se calentd a 75°C durante 2 horas. La mezcla de

reaccién se concentrd al vacio para dar un jarabe que se disolvid en metanol. A

Y
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esta solucion se le afadio una mezcla 2:1 de diclorometano/hexano. E! producto
bruto se concentrd al vacio para dar un sélido amarillo que se filtré, se lavd con
agua y después se seco al vacio para producir 0,088 g del compuesto del titulo en
forma de un polvo blanco.

'"H RMN (8, ppm, CD,OD): 7,67 (s, 1H), 7,31-7,24 (m, 4H), 7,15-7,07 (m,
4H), 4,02 (s, 3H), 2,60 (s, 3H). [ES MS] m/z 453 (MH")

Ejemplo 7
o)
° TL
Cl
0]

F
A Pe

HO™ ™= N
H

3-cloro-6-metil-4-oxo-5-[4-({4-[{trifluorometil) oxilfenilloxifenil]-1.4-dihidro-2-

piridinacarbaldehido oxima (estereoquimica desconocida)

El Intermedio 15 se disolvié en una atmésfera inerte en EtOH (2,8 mi).
Despues, se afiadieron clorhidrato de hidroxilamina (139 mg) y piridina (0,139 ml) y
la mezcla se calento a reflujo durante aprox. 2 h. La mezcla se enfrid y se concentrd
a sequedad. E! producto bruto resultante se diluyd con agua y se lavd varias veces
con agua. Después, el solido resultante se triturd con acetonitrilo durante 2 h y
después se filtro, se lavd con aceteonitrilo y se secd al vacio para producir el
compuesto del titulo (50 mg) en forma de un sdlido blanquecino.

'H RMN (3, ppm, DMSO-dg): 12,35 (s, 1H); 11,52 (s, 1H); 8,32 (s, 1H); 7,40
(d, 2H); 7,20 (d, 2H); 7,15 (d, 2H); 7,05 (d, 2H); 2,17 (s, 3H). [ES MS] m/z 439

(MH*).
o _
0
. L
_ 0

Ejemplo 8
N F F

H
3-cloro-6-(3-hidroxipropil)-2-metil-5-[4-({4-[(trifluorometil oxilfenilloxifenil]-4{ 1 H)-

piridona
A una solucién del Intermedio 16 (0,113 g) en THF (1,50 ml) a 0°C en una

atmosfera de argdn se le afadid lentamente una solucién 1,5 M de hidrurc de

1L



10

15

20

25

30

35

-54 .

diisobutilaluminio en hexano (DIBAH, 0,89 mi). La mezcla de reaccion se calentd a
temperatura ambiente y se agitd durante una noche. Después de 22 horas, la
mezcla se inactivd con agua y se extrajo con acetato de etilo (3 x 20 ml). Las capas
orgénicas combinadas se lavaron con salmuera, se secaron sobre Na,SO,4 anhidro
y se concentraron a presion reducida para dar un producto bruto oleoso pardo que
se purificd por cromatografia en columna sobre gel de silice (eluyente
diclorometano/metanoi, 0-5%). Se obtuvieron 0,032 g de una mezcla del producto
de! titulo y el derivado de 3-hidroxi-1-propenilo parcialmente hidrogenado. Para
completar la reaccion, a una solucion de esta mezcla en acetato de etilo (2,5 ml) en
una atmosfera de N, se le afiadi¢ paladio al 10% p/p sobre carbén activade (0,008
g) y la solucion se dejé reaccionar con 1,38 x 10° Pa (20 psi) de gas hidrogeno
durante 21 horas. El catalizador se retird por filtracion, lavando sucesivamente con
acetato de etilo (2 x 5 ml) y metanol (1 x 5 ml) y los disolventes se evaporaron a
sequedad al vacio para dar un aceite negro que se purificd por cromatografia en
columna sobre gel de silice (eluyente 0-5% de metanol/diclorometano y 0-5% de
metanol/éter dietilico). Se obtuvieron 0,013 g del producto del titulo puro en forma
de un solido amarillo.

'H RMN (8, ppm, DMSO): 7,40 (d, 2H), 7,17 (d, 2H), 7,14 (d, 2H), 7,05 (d,
2H), 3,26-3,24 (m, 2H), 2,38 (s, 5H), 1,63-1,53 (m, 2H). [ES MS] m/z 454 (MH").
Ensayos Bioldgicos

l.os compuestos de esta invencién pueden ensayarse en uno de varios
ensayos bioldgicos para determinar la concentraciéon de compuesto que se necesita
para tener un efecto farmacolodgico dado.

Actividad anti-malérica in vitro contra Plasmodium falciparum.

Ensayo de Clsp/ensayo de [*H]-Hipoxantina

I. Materiales
Parasito.
Cepas de Plasmodium falciparum.
Medjo de cultivo.
El medio de cultivo comprendia RPM! 1640 con HEPES 25 mM, bicarbonato
sodico y glutamina (GIBCO™ ref. cat.: 52400), suplementado con 10% de suero

humano AB reunido (Irvine Scientific, ref cat.: 5009) y suplemento HT (hipoxantina
0,15 mM vy timidina 24 pM), (GIBCO™ ref cat.. 41065). Los sueros humanos se
descomplementaron 30 minutos a 56°C, se dividieron en alicuotas y se

almacenaron congeladeos a -20°C hasta el uso en este medio de cultivo.
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Este medio de cultivo (“medio completo”) normalmente se prepard justo
antes del uso y se precalentd a 37°C.
Glébulos Rojos.

Se prepararon suspensiones de reserva de gldbulos rojos O+ a partir de
bolsas de sangre entera procedentes de donaciones de sangre incompletas,
proporcionadas por la Cruz Roja espafiola (<25 dias después de la extraccion).
Esta “sangre entera” se dividid en alicuotas y se almacenarcn a 4°C.

Para preparar gldbulos rojos para el ensayo, la sangre entera se centrifugd y
se lavo 3 veces con RPMI sin suero. Se retiré la fase superior, que contenia
glébulos blancos. Los glébulos rojos lavados se mantuvieron como una suspension
al 50% en medioc completo. Las células preparadas se almacenaron a 4°C y se
emplearon en el ensayo en cualquier momento hasta 4 dias después de la
preparacion.

ll. Compuestos.

Preparacion de Compuestos

Los compuestos de ensayo se disolvieron a 2 mg/ml en DMSC af 100% el
dia del ensayo. Cuando fue necesario, la disolucién completa se consiguié por
calentamiento suave (la mezcla se calentd a una temperatura <37°C) y sonicacion
(bafio de sonicacion).

Antes de afadir los compuestos de ensayo a los parasitos, el porcentaje de
DMSO en la solucidbn de compuestc se reduje por diluciones adicionales de la
solucién con medio de cultivo preparado de la misma manera que se ha descrito
anteriormente para el medio completo, pero que no contenia hipoxantina. No se
permitio que la concentracién final de DMSO en las placas de ensayo excediera de
0,2%, de manera que no produjera ningun efecto indeseado detectable sobre el
desarrollo del parasito. Para las determinaciones de Clsq, se prepararon 10
diluciones de 2 veces seriadas en medio completo en presencia de una cantidad
constante de DMSO. Se registrd cualquier signo evidente de insolubilidad de las
soluciones de reserva en DMSO al 100% o precipitacion cuando estas soluciones
se diluyeron en medio de ensayo.
lit. Cultivo de Plasmodium falciparum (parasito)

Se mantuvieron cepas de Plasmodium falciparum en medio completo a un
hematocrito de 5% en cultive continuo usando un método adaptado del publicado
por Tragery Jensen (1} y Traeger (2).

La parasitemia se calculd por recuento del porcentaje de eritrocitos

14
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infectados con el parasito por microscopia 6ptica. Se fabricaron peliculas finas de
sangre cada dia desde el matraz de cultivo, se fijaron con metanol y se tineron
durante 10 min. en Giemsa (Merck, cat. ref.; 1,09204) a 10% en agua tamponada
de pH 7,2. Los portacbjetos de vidrio se observaron y se contaron con un
microscopio optico (Nikon, Eclipse E200) equipado con un objetivo de inmersién en
aceite de 100 aumentos.

E! cultivo se mantuvo a un hematocrito de 5%, con un cambio diario de
medio y se diluyé cuando la parasitemia habia alcanzado aproximadamente 5%. La
poblacién de parasitos fue asincrona, estaba compuesta por una proporcion estable
( = 70%) de trofozoitos jovenes (formas de anillo) y mostro una velocidad regular de
crecimiento de 3 a 3,5 veces el numero inicial de parasitos diariamente.

El crecimiento se consigui® en matraces de cultivo (cuello inclinado,
Corning) incubados a 37°C en una atmodsfera de bajo contenido de oxigeno (5% de
CO,, 5% de O3, 95% de Ny).

V. Ensayo de Cls

El ensayo de incorporacién de [°H)-Hipoxantina se realizé usando un método
adaptado a partir de Desjardins et al. (3). Los ensayos se realizaron en microplacas
de fondo plano de 96 pocillos.

1. Se depositaron diluciones seriadas de los compuestos de ensayo {50 pl
de una solucién 5X/pocillo) par duplicado. En este ensayc se ensayaron los
compuestos de la invencidon. Para cada ensayo, como campuestos de control se
usaron Cloroguina y Atovaquona.

2. El inoculo se prepard como una suspension de glébulos rojos infectados
por parasitos (PRBC) a 2,5% de hematocrito y 0,5% de parasitemia en medio de
cultivo preparado de la misma manera que se ha descrito anteriormente para el
medio completo, pero que no contenia hipoxantina.

3. Se afiadié [*H)-Hipoxantina (Amersham Biosciences, ref. cat.: TRK74)
extemporaneamente a la suspension de inéculo a una concentracion de 1 uCi/ml
(que equivale a 0,25 uCi/pocillo). Se distribuyeron 200 pl de la suspension
resultante en cada pocillo (distinto del pobiilo de control H12 descrito mas adelante)
que conducia a un volumen final de 250 ul por pocillo, a 2% de hematocrito y 0,5%
de parasitemia/pocillo.

4. En cada placa, se reservaron 2 columnas para los pocillos de control:

» Columna 11: Pocillos de control positivos: PRBC con DMSO al 0,2% - (i) para

determinar el efecto del disolvente DMSO sobre el crecimiento del parasito (a una
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concentracion final de 0,2%) y (ii) para comparar con cultivos tratados con
compuestos de ensayo.

» Columna 12 (que comprende los pocillos A12-H12).

A12-D12- Pocillos de valor de fondo: RBC no infectados - control blanco para
obtener la lectura de fondo a partir de RBC sin parasitos.

E12-G12- Pocillos de efecto del disolvente: PRBC sin DMSO - para determinar el
efecto del disolvente DMSQO sobre PRBC comparando estos pocillos con los
pocillos de la columna 11.

H12-Pocillo no radiactivo: PRBC con hipoxantina fria - (i) para realizar una
pelicula fina para determinar el indice de parasitemia después de la incubacién por
microscopia y (ii) asegurarse de que los parasitos han crecido de la manera
apropiada durante el ensayo. (Se prepararon 200 pl de suspensién de inéculo como
se ha descrito anteriormente (puntos 2 y 3) pero con hipoxantina no tritiada en lugar
de [°Hl-hipoxantina, y después se afadieron a este pocillo a un volumen final de
250 ul).

5. Las placas se incubaron durante 48 horas a 37°C en una atmosfera de
bajo contenido d oxigeng. Al final del ensayo, se preparé una pelicula final con la
muestra no radiactiva (pocillo H12) para un control visual del desarrolic de los
parasitos. La incorporacién se detuvo congelando las placas durante una noche a -
80°C.

8. El crecimiento se cuantificdé midiendo el nivel de incorporacion de [*H]-
hipoxantina en ef acido nucleico del parasito. Después de descongelar las placas,
se recogio el contenido de los pocillos en filtros de fibra de vidrio (Wallac, ref. cat..
1450-421) con un recolector de células semiautomatico (Harvester 96, TOMTEC).
Los filtros se secaron y se trataron con un escintilador Melton (Meltilex® A,
PerkinElmer ref. cat.: 1450-441). La incorporacién de radiactividad se midié con un
contador p (Wallac Microbeta, PerkinElmer).

Los ensayos se repitieron al menos tres veces independientes.

V. Andlisis de los datos

El valor de cada pocillo se corrigid restando el valor de fondo del valor
absoluto. El efecto de fondo se calculo para cada placa con el valor medio en cpm
de los pocillos de control no infectados.

Para cada concentracion de un compuesto de ensayo dado, se calculd el
valor medio (media) de las muestras duplicadas.

Para cada concentracion de cada compuesto de ensayo, después se calculd

(2



10

15

20

25

30

35

, -58 -

el porcentaje de inhibiciébn por comparacion con el valor obtenido a partir de un
pocillo de controi que contenia PRBC que se diluyé con DMSO para conseguir el
mismos volumen de pocillo pero en ausencia de compuesto de ensayo. El pocillo de
control usado aqui es el pocillo de la columna 11 descrita anteriormente (tomando
un valor medio de todos los pocillos de la columna 11).

Los andlisis de los datos se realizaron usando el software Excel y GraphPad
Prism 3.0. Los resultadcs se expresaron como media + desviacion tipica de al
menos 3 experimentos independientes realizados en diferentes dias.
VI. Bibliografia
1. Trager W, Jensen JB. Human malaria parasites in continuous culture. Science.
1976 Aug 20; 193 (4254). 673-5.
2. Trager W. Cultivation of malaria parasites. Methods Cell Biol. 1994, 45: 7-26.
3. Desjardins RE, Canfield CJ, Haynes JD, Chulay JD. Quantitative assessment of
antimalarial activity in vitro by a semiautomated microdilution technique. Antimicrob
Agents Chemother 1979 Dec; 16 (6): 710-8.

Determinacion de la solubilidad de los compuestos

I. Materiales
Compuestos

Se requeria una cantidad de 3 mg de compuesto sblido con una pureza por
LC-MS > 95%. Esta cantidad se dividié entre 3 viales de vidrio diferentes (con un
volumen de 1,8 ml cada uno), poniendo 1 mg de compuesto en cada uno.

Disolventes y tampones

Se usaron disolventes organicos de calidad HPLC. Se usé agua ultrapura
(calidad Milii-Q). Los tampones se prepararon con agua ultrapura y se filtraron
usando filtros de nylon de 0,45 . Las composiciones de cada disolvente empleado
en este ensayo se describen mas adelante (parte Il1).

Il. Procedimientos.

1. Procedimiento para la determinacion de la solubilidad aproximada:

a) Se afadieron 100 ul de disolvente a cada vial con una pipeta digital (Eppendorf
Research pro).

b) La mezcla posteriormente se sometid a agitacion vorticial durante 1 min y se
sonico durante 5 minutos. .

c) Las etapas a) y b) se repitieron hasta que se alcanzé un volumen final de 1 ml en
cada vial.

d) Se usd un microscopio para examinar la muestra en cada vial.
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e) La solubilidad del compuesto en cada muestra se calculdé como < la
concentracion final después de haber disuelto toda la muestra y > la concentracion
antes de la dltima adicion de disolvente.

f) La sclubilidad del compuesto se calculdé como el valor medio de las tres muestras
de vial.

2. Determinacion de la solubilidad de equilibrio (suponiendo que la estabilidad
quimica en el disolvente deseado no supone un problema).

Para cada una de las tres muestras de viales preparadas como se ha
descrito anteriormente, en las que se disolvid totalmente |la cantidad de compuesto,
posteriormente se realizd el siguiente procedimiento:

a) Al vial se le anadid una pequefia cantidad (aprox. 0,1 mg) de compuesto solido
adicional para mantener un exceso del compuesto en la mezcla en forma de sélido
no disuelto.

b) Las muestras se agitaron magnéticamente durante 24 h. Cuando fue necesario,
se afiadio mas compuesto sélido (0,1 mg) para mantener el exceso y después las
muestras se agitaron de nuevo.

c) Después, las muestras se filtraron (filtros de nylon Millipore Milex 0,2 pm) y se
tomaron tres alicuotas (una de cada uno de los tres viales) y se analizaron por LC-
MS.

d) El pH de la solucion final en cada muestra se midié con un medidor de pH (WTW
pH330i y un electrodo de pH Sentix41).

3. Ensayo LC-MS para la cuantificacion analitica

Todas las alicuotas filtradas se analizaron por LC-MS. El analisis se realizd
con una columna Luna 51 C18(2) de 4,6 x 150 mm, usando un instrumento de
HPLC HP1100 conectado con un espectrometro de MS Waters ZMD-2000. La
concentracion de la muestra final como se ha preparado anteriormente se calculd a
partir de la de una curva de calibracion de referencia obtenida a partir de diluciones
seriadas de una solucion 2 mM del compuesto en investigacidn en solucion de
reserva de DMSO (Aldrich ref. cat.: 27685-5).

4. Analisis de los datos

El analisis de todos los datos de LC-MS se realizd con el software MassLynx
3.4. El analisis estadistico y grafico de los datos se realizé usando Microsoft Excel.
La concentracion (uM) y la solubilidad (pg/ml) para cada compuesto se calculd
usando las areas de los picos de la muestra y las de la curva de calibracién.

lll. Composiciones de los disolventes usados en estos ensayos.

Uy
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A) FaSSIF es un disolvente que simula el estado en ayunas del fluido intestinal.
(FaSSIF: siglas de fluido intestinal simulado en estado en ayunas en ingles). Su
composicién es como se proporciona en la siguiente tabla.

Composicion of FaSSIF y el tampon de pH 6,8 usado en FaSSIF

Composicién de FaSSIF

Concentracion Cantidad por 100 ml
Taurccolato Na 5mM 269 mg
Lecitina 1,5mM 114 mg
Tampén pH 6,8 Cs Cs hasta 100 ml
Composicion de Tampdén de pH 6,8

Concentracion Cantidad por |
KH,PO, 0,029 M 3,947 ¢
KCI 022 M 16,401 g
NaOH Cs hasta pH 6,8 '
Agua N/A Cs hasta 1|

Procedimiento de Preparacién de FaSSIF.
1. Preparacion de 1 | de solucién tampén pH 6,8

1.a. Se disolvieron 3,947 g de fosfato pbtésico y 16,401 g de cloruro potasico en
aproximadamente 900 mi de agua.

1.b.  El pH se ajusté a 6,8 por medio de la adicion lenta de hidrdxido sédico 0,1 N
(Scharlau SO 0441010C) con agitacidon magnética.

1.c. Lamezcla se diluyd hasta un volumen de 1000 ml con agua.

2. Preparacién de 100 ml de FaSSIF
2.a. Se disolvieron 269 mg de taurocolato  Na (Aldrich T-4009) en
aproximadamente 80 ml de tampén de pH 6,8.

2b. Se disolvieron 114 mg de lecitina (Sigma P-7318) en esta solucion de
taurocolato Na/tampdn (esto se hizo con una bolsa de manipulacion con guantes
rellena de nitrégeno).

2.c. La mezcla resultante se diluyd hasta un volumen de 100 ml con mas tampén
de pH 6,8.

2d. La solucion final se cubri®é con una capa de nitrogeno o un gas inerte
alternativo. El frasco se cerro herméticamente con parafilm y se almacené a 4°C.

B) FeSSIF es un disolvente que simula el estado pospandrial del fluido intestinal.

19
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(FeSSIF: siglas en inglés de fluido intestinal simulado en estado pospandrial). Su
composicidon es la proporcionada en la siguiente tabla. .
Composicion de FeSSIF y el tampon de pH 5,0 usado en FeSSIF

Composicion de FeSSIF

Concentracién |Cantidad por 100 ml

Taurococlato Na 15 mM 806,5 mg
Lecitina 3,8 mM 288 mg
Tampon de pH 5,0 |Cs Cs hasta 100 ml

Composicion de tampdn de pH 5,0

Concentracién [Cantidad por |

Acido acético glacial {0,137 M 8,250 ml
KCI 0,20 M 15,24
NaOH Cs hasta pH 5,0

Agua N/A Cs hasta 1|

Bibliografia: Galia, Nicolaides, Horter, Lobenberg, Reppas, y Dressman -
Pharmaceutical Research, Vol. 15, N° §, 1998
Procedimiento de Preparacion de FeSSIF.

1. Preparar 1 | de solucién tampén de pH 5

t.a. Se disolvieron 15,2 g de cloruro potasico y 8,25 ml de éacido acético glacial
en aproximadamente 900 ml de agua.

1.b.  Ei pH se ajustd a 5 por medio de la adicion lenta de NaOH 0,1 N (Scharlau
SC 0441010C) con agitacidn magnética.

1.c. La mezcla se diluyé hasta un volumen de 1000 ml con agua.

2. Preparacion de 100 ml de FeSSIF

2.a. Se disolvieron 806,5 mg de taurocolato Na (Aldrich T-4009) en 80 ml de
tampon de pH 5.

2.b. Se disolvieron 288 mg de lecitina (Sigma P-7318) en esta solucion de
taurocolato Na/tampén (realizada con una bolsa de manipulacion con g-uantes
rellena con nitrégeno).

2.c.  La solucion resultante se diluyé hasta un volumen de 100 ml con tampon de
pH 5.

2d. La solucion final se cubrié con una capa de nitrégeno o un gas inerte
alternativo. E! frasco se cerrd herméticamente con parafilm y se almaceno a 4°C.

C) La solubilidad a pH 7,4 se determind en solucion salina tamponada con fosfato
(PBS) (Fiuka ref. cat.: 79383)
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D) La solubilidad a pH 1,0 se determiné en solucion de HCI 0,1 N (Scharlau
ALO744010C)

E) La solubilidad a pH 4,5 se determind en solucién de citrato sédico 0,5 M. (Aldrich
25,127-5)

Resultados de ensayo de actividad in vitro y de los ensayos de determinacién

de la solubilidad

Ensayo in vitro
Se descubrid que todos los ejemplos de la presente invencion (Ejemplos 1-

8) descritos anteriormente en este documento tenian un valor de Clsg menor de 75
ng/mil.

Ensayos de determinacién de la solubilidad

La solubilidad de todos los ejemplos de la presente invencion (Ejemplos 1-8)
se ensayo en cada uno de los dos disolventes FaSSIF y FeSSIF. Los datos se
muestran en la siguiente tabla.

Tabla de Solubilidad
Estructura Ejemplo |Solubilidad |Solubilidad
en FaSSiFlen FeSSIF

ng/mi ug/ml
BMO\!J(: 1 *% *kk
o 2 ok *k

. \@-gj(: 3 ok Fhkk
o~y

G 4 "ok ek Ak
<]
wo A o
H

3
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*ewkk

ek

OO 7 )

S. 8 F*kkk
IZIgQJz

ek

Claves de la tabla

S = solubilidad en ng/ml

S<1 *
1<8<5 *
5<5<10 i

10<5<580 e

131
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REIVINDICACIONES

1. Un compuesto de Formula |

en la que:
R’ representa halo, CF; u OCF3;
R* representa halo:
Uno de R? y R® representa metilo y el otro representa -(CH,),OH o -HC=N-

OR®;
R® representa H o alquilo Cy.4;
n representa 1-4,
o un derivado farmacéuticamente aceptable del mismo.
2. Un compuesto o un derivado farmacéuticamente aceptable del mismo de

acuerdo con la Reivindicacion 1, en el que R' representa Br, Cl, F, CF5 u OCFs.

3. Un compuesto o un derivado farmacéuticamente aceptable del mismo de
acuerdo con la Reivindicacién 1 o la Reivindicacién 2, en el que R* representa Br o
Cl.

4, Un compuesto o un derivado farmacéuticamente aceptable del mismo de
acuerdo con cualquier Reivindicacién anterior, en el que uno de R? y R® representa

metilo y el otro representa -(CH;),CH, donde n representa 1-4.

5. Un compuesto o un derivado farmacéuticamente aceptable del mismo de
acuerdo con cualquier Reivindicacién anterior, en el que R® representa metilo y R?

representa -(CH,),OH, donde n representa 1-4.

6. Un compuesto o un derivado farmacéuticamente aceptable del mismo de
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acuerdo con cualquier Reivindicacion anterior, en el que R® representa H o metilo.

7. Un compuesto ¢ un derivado farmacéuticamente aceptable del mismo de

acuerdo con cualquier Reivindicacion anterior, en el que n representa 1 6 3.

8. Un compuesto de acuerdo con la Reivindicacion 1, o un derivado
farmaceéuticamente aceptable del mismo, seleccionandose el compuesto entre el
grupo que consiste en:
3-Cloro-6-(hidroximetil)-2-metil-5-[4-({4-[{trifluorometil)oxi]fenil}oxi)fenil]-
4{1H)-pirimidinona;
3-Cloro-6-(hidroximetil)-2-metil-5-[4-({4-[{trifluorometil}oxi]fenil}oxi)fenil]-
4(1H)-pirimidinona;
3-cloro-2-(hidroximetil)-6-metil-5-[4-({4-[(trifluorometilyoxi]fenil}oxi)fenil]-
4(1H)-pirimidinona;
3-cloro-2-(hidroximetil)-y-metil-5-(4-{[3-(trifluorometil}fenil]oxi}fenil)-4( 1 H)-
piridinona;
5-Cloro-6-metil-4-oxo-3-[4-({4-[(triflucrometil)oxilfenil}oxi)fenil]-1,4-dihidro-2-
piridinacarbaldehido oxima,
5-Cloro-8-metil-4-oxo-3-[4-({4-[(trifluorometil)oxilfenii}oxi)fenil]-1,4-dihidro-2-
piridinacarbaldehido-O-metiloxima; .
3-cloro-8-metil-4-oxo-5-{4-({4-[(trifluorometil)oxi]fenil}oxi)fenil]-1,4-dihidro-
piridinacarbaldehido oxima; y
3-cloro-6-(3-hidroxipropil)-2-metil-5-[4-({4-[(trifluorometil)oxi]fenil}oxi)fenil]-
4{1H)-piridinona.

9. Un compuesto que es: v
3-Cloro-6-(hidroximetil}-2-metil-5-[4-({4-[(trifluorometil)oxilfenil}oxi)fenil]-
4(1H)-piridinona.

10. Un compuesto o un derivado farmacéuticamente aceptable del mismo de
acuerdo con una cualquiera de las Reivindicaciones 1-9 para uso en terapia

médica.

11.- Uso de un compuesto o un derivado farmacéuticamente aceptable del

mismo de acuerdo con una cualquiera de las Reivindicaciones 1-9 en la
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preparacion de un medicamento para el tratamiento de la malaria.

12. Uso como en la Reivindicacion 11, donde la malaria esta provocada por una

infeccion con Plasmodium falciparum.

13. Un método para el tratamiento de un sujeto humano o animal que padece
malaria que comprende administrar a dicho sujeto humano o animal una cantidad
eficaz de al menos un compuesto o un derivado farmacéuticamente aceptable del

mismo de acuerdo con una cualquiera de las reivindicacicnes 1-9.

14. Un método de acuerdo con la Reivindicacion 13, en el que la malaria esta

provocada por una infeccidon con Plasmodium failciparum.

15. Una composicion farmacéutica que comprende al menos un compuesto o un
derivado farmacéuticamente aceptable del mismo de acuerdo con una cualquiera
de las Reivindicaciones 1-9 y uno o mas vehiculos vy/o excipientes

farmacéuticamente aceptables.

16. Un proceso para la preparacion de compuestos de Férmula | como se ha
definido en la reivindicacién 1, que comprende:
(A) Hacer reaccionar un compuesto de Foérmula Il, en la que R’

representa halo, CF; u OCF3, con un donante de halégeno;

o]
0 1
R donante de

! OH halégeno
M,C

Iz

(B) Hacer reaccionar un compuesto de Férmula XV, en la que R’

representa fldor, cloro, CF; u OCF;, con un donante de halégeno;

(55
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@ O‘R donante de
HO\\,/[\ halégeno

(C) hacer reaccionar un compuesto de Férmula XX, en la que R'

representa halo, CFs u OCFs, y R* representa halo, con NH,OR®*HCI, donde R®

5 representa H o alquilo C4.;, en presencia de una base adecuada;

o
o} \ .
R R" NH,0R’.HC)

[ [ base

SN XX
o)

(D) hacer reaccionar un compuesto de Férmula XXI, en la que R'
representa halo, CF; u OCF;, y R* representa halo, con NH,OR®*HCI, donde R®

10  representa H o alquilo C,3, en presencia de una base adecuada;

)

base

DR"*’N

(E) someter un compuesto de Férmula XXII, en la que R' representa
fluor, cloro, CF; u OCFs;, y R* representa halégeno; a una reaccion de

15 hidrogenacion en presencia de un catalizador adecuado.
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o)
a o 1
'R’ R‘ R
hidrogenacion |

HC™ N
XXII H le

17. Un proceso para preparar un compuesto de Férmula I, en el que R’
representa halo, CF,; u OCF,, por apertura reductora de un compuesto de Férmula

XXV, seguido de ciclacidon de la enamina intermedia en condiciones adecuadas.

R' apertura reductora \©~
y ciclacion
/

XXIV

18. Un proceso de acuerdo con la Reivindicacién 17, en el que el compuesto de

Férmula XXIV se prepara por acilacion de un compuesto de Formula XXV.

o o
@ \EBWRt acilacion %@ @—R‘
— _— o —
O_,\{ OH XXV O—N/ OH XXV

5
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RESUMEN

‘Se proporcionan derivados de 4-piridona (4-piridinona) de Farmula |

y derivados farmacéuticamente aceptables de los mismos, procesos para su
preparacion, formulaciones farmacéuticas de los mismos y su uso en quimioterapia

de ciertas infecciones parasitarias tales como malaria.
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NUEVOS COMPUESTOS HETEROCICLICOS

CAMPO DE LA INVENCION

La invencién se refiere a compuestos heterociclicos y a su uso
en quimioterapia. Mas especificamente, esta invencion se refiere a ciertos
derivados de 4-piridona (4-piridinona), a procedimientos para su preparacioén,
a formulaciones farmacéuticas de los mismos y a su uso en quimioterapia de
ciertas infecciones parasitarias tales como malaria, y en particular infeccion

por Plasmodium faiciparum.

ANTECEDENTES DE LA INVENCION

Las infecciones parasitarias por protozoos son responsables de
una gran diversidad de enfermedades de importancia médica y veterinaria,
incluyendo malaria en seres humanos y diversas coccidiosis en pajaros, peces
y mamiferos. Muchas de estas enfermedades son potencialmente letales para
el hospedador y provocan pérdidas econémicas considerables en la
agricultura animal, tales como especies de Eimeria, Theileria, Babesia,
Cryptosporidium, Toxoplasma (tal como Toxoplasma brucei, Enfermedad
Africana del Suefio y Toxoplasma cruzi, Enfermedad de Chagas) y
Plasmodium (tal como Plasmodium falciparum) y la Mastigofora tal como

especies de Leishmania (tal come Leishmania donovani). Otro organismo

3%
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parasitario de interés creciente es Pneumocytis carinii, que normalmente
puede provocar neumonia fatal en hospedadores inmunodeficientes -o
inmunocomprometidos, incluyendo los que estan infectados con VIH.

La malaria es uno de los principales_probiemas de enfermedad
del mundo en vias de desarrollo. El parasito que provoca la malaria mas
virulento en los seres humanos es el parasito Plasmodium falciparum, que es
la causa de cientos de millones de casos de malaria al afo, y se cree que
provoca mas de 1 millon de muertes al ano, Breman, J. G, et al,, (2001) Am.
Trop. Med. Hyg. 64, 1-11. Un problema encontrado en el tratamiento de la
malaria es el aumento de la resistencia del parasito a los farmacos
disponibles. De esta manera, existe una necesidad de desarrollar nuevos
farmacos antimalaria.

En la patente de Estados Unidos N° 3.206.358 se describe un
grupo de derivados de 3,5-dihalo-2,6-dialquil-4-piridinol (la forma tautomérica
de 4-piridonas) que tiene actividad anticoccidial.

La Solicitud de Patente Europea N° 123239 describe
combinaciones de los derivados de 4-piridino| mencionados anteriormente con
naftoquinonas antiprotozoarias, por ejemplo naftoquinonas antimalaria, en una
relacion de potenciacion.

La Solicitud de Patente PCT N° WO 91/13873 A1 describe una
clase de derivados de 4-piridona que muestran actividad contra protozoos, en
particular contra el parasito de la malaria Plasmodium falciparum, y especies

de Eimeria asi como el organismo parasitario Pneumocylfis carinii. Se ha

190
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descubierto que los compuestos de acuerdo con la presente invencion,
muestran propiedades mejoradas sobre los compuestos descritos

especificamente en el documento WO 91/13873 A1.
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NOVEDAD DE LA INVENCION

REIVINDICACIONES

1.- Un compuesto de Formula |

en la que: R' representa halo, CF5 u OCF3; R* representa halo; uno de R?yR?

“representa metilo y el otro representa -(CH2),OH o -HC=N-OR?; R® representa

H o alquilo C44; n representa 1-4;0 un derivado farmaceuticamente aceptable
del mismo.

2.- El compuesto o un derivado farmacéuticamente aceptable del
mismo de conformidad con la reivindicacidn 1, caracterizado ademas porque
R' representa Br, Cl, F, CF3 u OCFs.

3.- El compueste o un derivado farmacéuticamente aceptable del
mismo de conformidad con la reivindicacion 1 o la reivindicacidon 2,
caracterizado ademas porque R? representa Br o Cl.

4 .- El compuestc o un derivado farmacéuticamente aceptable del
mismo de conformidad con cualquier reivindicacion anterior, caracterizado
ademas porque uno de R? y R® representa metilo y el otro representa -

(CH2),OH, donde n representa 1-4.

Y



5.- El compuesto o un derivado farmacéuticamente aceptable del
mismo de conformidad con cualquier reivindicacién anterior, caracterizado
ademas porque R® representa metilo y R? representa -(CH,),OH, donde n
representa 1-4.

6.- El compuesto o un derivado farmacéuticamente aceptable del
mismo de conformidad con cualquier reivindicaciéon anterior, caracterizado

ademas porque R® representa H o metilo.

(4
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B Box No.lll  MNon- -establishment of oplnlon wlth regard to novelty, |nvenl|ve step and lndustrial appllcablllty
-0 Box No.IV .Lack of unity of invention : :
- ® BoxNo.v ) Reasoned statement under Article 35{(2) with regard to novelly, inventive step or lndustnal
. J applicability; citations and explanatlons supporting such statement .
- [O.Box No. VI " Cenain documents cited ¢ .
{0 Box No. VIl Certain defects in the international application -
_ X Box No. Vil Certain observations on the internaticnal application
Date of submission of the demand L R Date of completion of this report
2008—03—31 31.07.2008
Name and malllng address of the intemational : Authorized officer } .
preliminary examining authority: N ’ . :,,ﬁ“"'"""'v.
———  European Patent Office - P.B, 5818 Patentiaan 2 . . ' s %
) NL-2280 HV Rijswijk - Pays Bas van Laren, Martijn £ _0) :
O Tel 13170340 - 2040 Tr. 81 651 epanl _ e 5 F
. Fax: +31 70 340 - 3016 Telephone No. +31 70 340-9525 R

Form PCTAPEA/409 (Cover Sheet) (April 2008)
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INTERNATIONAL PRELIMINARY REPORT * " International application No. - -

ON PATENTABILITY _ o o - PCTEP2007055188

Box No.! Basis of the report

.. With regard to the language this report is ‘based on o ‘
: the mternatlonal appllcatlon in the Ianguage in WhICh it was filed

0 atranslation of the international application into , which is the Ianguage
of a translation furnished for the purposes of; ,
O international search (under Rules 12.3(a) and 23. 1(b)) .
] publication of the international application (under Rule 12, 4(a))
- O intemational preliminary examlnatlon (under Rules 55.2(a) and/or 55.3(a)).

. With regard to the elements® of the international application, this report is based on (rep!acement sheets wh:ch
have been furnished to the receiving Office in response to an invitation under Article 14 are referred to in this -~
reporr as ongmally filed" and are not annexed lo this report).

Descrlptlon Pages ’

' 2- 54 - as originally fI|Ed A
A ' . as amended (logetherwuth any statemem) under Art. 19 PCT

Claims, Numbers )
7-18 ‘ © as ongmally filed
1-6 : as amended (together with any statement) under Art 19 PCT

a sequence listing and/or any related table(s) - see Supplemental Box Relating to Se’quénce Listing

. & The amendments have resulled in the canceliation of:. °

&. the description, pages 1.
the ciaims, Nos. 1-6
O the drawings, sheetsfigs
~ 3 the sequence listing (specify):
O any table(s) related to sequence listing (specify):

. O  This report haé been established as if (some of) the amendments annexed 10 this report and listed below
had not been made, since they have been considered to go beyond the d:sclosure as flled as indicated in the
Supplemental Box (Rule 70.2(c)). : . :

O the description, pages

U the claims, Nos. .
" O the drawings, sheetsfigs

0O the sequence listing (specify):

O any table(s) rerated to sequence listing (spscrfy)

. O This opinion has been estahllshed takmg into account the rectmcatlon of an obwous mls!ake authonzed

by or notlfled to this Authorlty under Hule a1 (Rule 70.2 (e))

. Form PCTAPEA/408 (Aprii 2007)
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INTERNATIONAL PRELIMINARY FIEPOHT . : _ International application No.
ON PATENTABILITY g _ : PCTEP2007/055188 -

Box No.lll Non-establishment of opinion with regard to novelty, inventlve step and Industrial
applicability o ' . o T

1. The guestions whether the claimed invention appears to be novel, to invélve an inventive step (to be non-
obvious}, or to be rndusmarly applicable have not been exammed in respect of

ad the enhre international application,

& claims Nos. 13 and 14 (w r.t. Industrlal Agghcablhty)

'because

(4 the said international application, ot the said claims Nos. 13 and 14 relate to the followmg subject matter
which does not require an international preliminary examination (specify). :

see separate shee

O the description, clalms or drawings (indicate pamcular elements below) or said claams Nos. are SO unclear.
that no meanlngful opinion could be formed (specify):

: D the clalms, or said claims Nos. are so inadequately supported by the descnpt:on that no meamngful opinion
could be formed (specify).. .

O nointernational search report has been established for the said claims Nos.

O a meanmgfu[ apinion could not be formed without the sequence listing; the applicant did not, wnhm the
prescribed time limit: )

O furnish a sequence listing an paper complying w‘ith the standard provided for in Annex C of the -
Administrative Instructions, and such listing was not available to the International Preliminary
Examining Authority in @ form and manner acceptable to it.

.0 fumish a sequence Iis1ihg in electronic form complying with the standard provided for in Annex G
of the Administrative Instructions, and such listing was not avaifable to the International Preliminary
Examining Authority in a form and manner acceptable to it.

B pay the required late fumlshlng fee for the furnishing of a sequence listing in response to an
mwtatnon under Rules 13fer.1(a) or (b) and 13ter2.

O a meamngful opinion could not he formed without the tables related to the sequence listings; the applicant
did not, within the prescribed time limit; furnish such tables in electronic form complying with the technical
requirements provided for in Annex C-bis of the Administrative Instructions, and such tables were not
available to the International Preliminary Examining Authority in a form and manner acceptable to it.

O -the tables related to the nucleotide and/r amino acid sequence listing, if in electronic form only; do not
comply with the technical requirements provided for in Annéx C-bis of the Administrative Instructions.

[0 See separate sheet for further details

Form PCTAPEA/409 {April 2007)
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INTERNATIONAL I"FIELIMINAFIY REPORT - - : International application No.
ON PATENTABILITY _ _ . _ - PCTEP2007055188 .

" BoxNo.V Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial
- applicability; citations and explanatlons supporting such statement

RE S_tatement

Novelty (N) . . Yes: Claims  1-18
No: = Claims -
Inventive step (IS) ) ~ Yes: Claims -
o Ne: .Ciajms 1-18
Industrial appllicability (1A)  Yes: Claims 1-12,15-18
' ~ No: Claims ‘

2. Citations and exblanafions (Rule 70.7):

see separate sheet

Box No. VIl Certain observations on the international application

- The following observanons on the clarity of the claims, description, and drawmgs or on the questlon whether the
claims are fully supported by the description, are made: . ‘ ‘

see separate sheet

" Form PCTAPEA/4Q9 (April 2007) -
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INTERNATIONAL PRELIMINAHY o _ International-application No. .

'REPORT ON PATENTABILITY - | o | |
(SEPARATE SHEET) L " PCT/EP2007/055188
‘Reltem il

- Non-establishment of opmion wrth regard to novelty, inventive step and mdustrlal

applicability

o 1 Clalms 13 and 14 relateto subject matter considered by thls Authonty to be covered by -
. the provnsmns of Rule 67.1(iv) PCT. Consequently, no opinion will be formulated wnth

respect to the industrial applrcablhty of the subject-matter of these claims (Article -

' 34(4)( )] PCT)

Re Item Vv

Reasoned statement with regard to novelty, inventive step or industrial appllcablllty,

' cltatlons and explanatrons supportmg such statement

2. Réference is made to the following documents: h
D1:- EP-A-0°447 164 (WELLCOME_ FOUND [GB])‘18- Septe'mber 1991 (1991-(59-18)

3. The subject- -matter of the present claims 1-18 is not dlsclosed |n the prior art and
therefore novel (Article 33(2) PCT) ’ :

4. The present application does not meet the criteria of Artiéle 33(1) PCT because the
subject-matter of clalms 1-18.does not involve an inventive step in the sense of Article
33(3) PCT.

_ 4.1. The document D1 is regarded as:being the closest ,prior art to the subject-matter of
. claim 1, and discloses (see the Search Report): Compounds falling under the scope. of

Formula | wherein both R? and Rs are methyl and that are useful for the treatment of
malana N '

. 4.2. The subject-matter of claim 1 therefore differs from this known in D1 in that: Only cne-

of R% and R® is methyl and that the other one is either C, .alkylOH or -HC=NOR®.

- Form PCT/Separate Sheet/409 (Sheet 1} (EPO-April 2005) -
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ilNTERNATIONAL PRELIMINARY» S " International application No.

REPORT ON PATENTABILITY : B L
(SEPARATE SHEET) ' . ' PCT/EP2007/055188

4.3. The compounds of the present appllcatlon have an |mproved aqueous solubility as
, compared to the compounds of the closest prior art. In the light of this special technical
*effect of the compounds of the present application, the problem to be solved by the
present invention is: The provision of compounds having an improved aqueous solubmty
useful for the treatment of malaria. -

- 4.4, The solution proposed in.claim 1 of the present application cannot be considered as
involving an inventive step (Article 33(3) PCT) for the following reasons. it is general
knowledge in the technical field that substituting an alkyl group in a compound with an
hydroxy group greatly enhances the aqueous solubility of that compound. H_e)g_ge,_.tje_
person skilled in the art would, _wjlen confronted with the problem as posed above and

' startlng from the closest prior art consider it routine experimentation to, for. instance, -
replace one of the methyl groups by a hydroxymethyl group, and therefore would consuder
the subject -matter of the present apphca’non N O | Lo | SRR

- 4.5. The same reasoning applies mutatis mutandis to the subjeet matter of independént
claims 10,11,13,15-17 and dependent clalms 2-9,12,14 and 18, which are theretore also

" not inventive.

te VHI
Certain observatlons on the international application

5. The term. "pharmaceutically acceptable derivatives" used in claims 1-8,10,11,13,15 is
vague and unclear and leaves the reader in doubt as to the meaning of the technical
feature to which it refers, thereby rendering the deflnmon of the subject matter of sald
.cla|ms unclear (Article 6 PCT). -

.Fo:rmvPCT/Separata Sheet/409 -(Sh'eet 2} (EPO-April 2005)
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"EPO-DG 1
- NOVEL HETEROCYCLIC compounos 02 04 2008
FIELD OF THE INVENTION =~ @

The invention relates to -heterocyclic compounds and their use in chemothefépy. More
5  specifically, this invention is concerned with certain 4-pyridone (4-pyridinone) derivatives,
processes for their prepafation pharmaceutical formulations thereof and their use in
chemotherapy of certain parasitic infections such as malaria, and in pamcular infection by -
Plasmodium falciparum. '
' BACKGROUND OF THE INVENTION .
10  Parasitic protozoal infections are responsible for a wide variety of diseases of medical and
veterinary importance, including malaria in man and various coccidioses in birds, fish and
mammals. Many of the diseases are life-threatening to the host and cause considerable
economic loss in animal husbandry, such as species of Eimeria, Theileria, Babes:a
) . Cryptospondrum Toxoplasma (such as Toxoplasma brucei, African sleeping sickness and
/15  Toxoplasma cruzi, Chagas disease) and Plasmodium (such -as Plasmodium falciparum),
L and the Mastigophora such- as species of Leishmania (such as Leishmania donavani).
Anather parasitic .organism of inoreasing concem is Pneumocytis carinii, which can cause
~an often fatal pneumonia in immunodeficient or lmmunocompromcsed hosts including
e those. infected WIth HIv.
20 - . .
Malaria is one of the Amajorfdisease oroblems of the developing world. The most virutent
- malaria-causing parasite in humans Is the parasite Plasmodium falciparum, which is the
cause of hundreds of millions of cases of malaria per annum, and is thought to cause over
1 million deaths each year, Breman, J. G, et al,, (2001) Am. Trop. M.ed."_Hyg.. 64, 1-11.
25 One problem encountered in the treatment of malaria is the ‘bUiIdiup of resistance by the
parasite to available drugs.- Thus, there is a need to develop new antimalarial drugs. .

A group of 3.S-dihalo-2.6-dialkyl-4—pyridinol derivatives (the tautomeric)form of 4-
"’) pyridones) is described in US patent No. 3,206,358 as having anticoccidial activity.

30 : : : S _ :
" 'European Patent Application No. 123239 discloses combinations of the aforementioned 4-
“pyridinol derivatives  with  antiprotozoal  naphthoquinones, ~e.g. . antimalarial
naphthoquinones, in a potentiating ratio.  + : :

35  PCT Patent Application No. WO 91/13873 A1 discloses a class of 4-pyridone derivatives
which exhibit -activity against protozoa, in particular against the malarial parasite
Plasmodlum falc:parum and species of Eimeria as well as the parasitic organism .
Pneumocyt/s carinii. It has been found that’ compounds according to the present invention

- exhibit |mproved properlles over those compounds spacifically dlsclosed in"WO 91/13873
- 40 A1, S - :

AMENDED SHEET
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Claims -

. A compound of Formula I:

EPO-DG1

02 04 2008

rr'_ - | _‘ @

Wherein:

‘R represents halo, CF3or OCF3;

R* represents halo;

One of R and R rep‘resents rnethyl and the other represents (CH;),OH or HC=N-OR®%

n represents 1-4;

'+ or a pharmaceutically a"cceptable derivative thereof. .'
20
2.

A compound or a pharmaceutlcally acceptab!e denvatlve thereof acoordlng to
claim 1 wherein R’ represents Br, Cl, F, CF3 or OCF,. :

A compound _or -a pharmaceut:cally acceptable denvative thereof acoordlng to
claim 1 or claim 2 wherein R4 represents Br or Cl.

“ A compound ora phannaceutically acceptablé derivative thereof according to any

preceding claim wherein one of R’ and R®. represents methyl and tha other

' represents (CH;).-.OH whereln n represents 1-4.

A compound or a pharm‘aceutically acceptable derivative thereof 'according to any

-preceding claim wherein R’ represents methyl and R? represents -(CH2:OH,

wherein n represents 1-4

A compound ora pharmaceutrcaliy acceptable denvatrve thereof accordlng to any
preceding claim whereln R5 represents Hor methyl

' 55
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Corporate Intelluciual P roperty [$
By Fax & Airinafl 00 31 7¢ 340 3016

Internalional Searching Authority
lzuropean Palenl Office OFD Comat Wagt o
.3, 5818 Patentiaan 2 _ brentford
ML-2280 HV Rijswijk Middiesex
The Nelherlands TWYR 965

: Tl 14 (0320 8047 3090

WANLERL O

31 March 2008 : Citactlel  +44(0)20 3047 4476
Ditact fux +44 {020 BOA7 6894

Qurvrel::  FES/PBGI1945/WQ
Dear Sirs,

Re: International Application Ne. BCT/EP200T/055 138
Glaxo Grouyp Limited

We refer to the Inlernational S2arch Report and {irst wrillen opinion of the International Search
Authority, issued 26 Seplember 2007 (and a correclad version issusd on 18 October 2007),

. tesponse lo which is due 31 March 20038 (ihe latest of 3 months from the dat: of mailing and

22 months from priorily). The applicant hereby confirms that it considers the EFPQ to be the
International Preliminary Examinalion Aulhorily. Accerdingly, enclosed herewilh pleage find the
1PCT Demand for Internalional Praliminary Examination (Form PCTAPEA401) together with a

. Fee sheet authorising deduction of the fee of FEUR 1716 from «epcsit a2ccount numbar

28050015, You aie hereby authorised lo deductl any daficiency firom the same nccount.

Amendiments to claims and descrigticn under Articte 34(2)b} PCT

Claims

Wea enclose herewith a revised claims pege 55 (showing claims 1-6), provided both in
manuscript showing the aimendiments and in lypescript, to replace claims page 55 presenily en

file. The following amendments have been made:

1. - fhe definition of r iy claim 1 has been amended o read:

"n represents 1-4"
Basis for this émem_lm.enl can be found on paye 2, line 22 of the application as filed. .
2. The definition of R%in claim 1 has heen amended Lo read:

"R® represents H or -G,-Caalky!”.

.Basis for this amendment can be found on page 2, \ine 220 of the application as filad.

The effect of the above amendiments is that claim | has been brought info accordance with the
stalement of invenlion on page 2, lines 9-24 of the application as filed.

Description

We enclose herewith revised page 1 of lhe descripfion, provided both in manusaiipt showing

tiia amendment and in fypescript, 1o rmplace page 1 presently on file. The worvjing“beiwee;w

- . :
SN AL T 8- 3 alerma Ba st €2 aASEREET O REIE AT S S s onne T Briaven s a0,

- B Claxosmithkline

GlaoSiithitline Seryices Unlimited
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commas onlines 39-41, munely "yenericaily disclosed. . patiern” has been deleted, because
il erroncously slales thal the compounds of The present invenlion are disclosed in WO
DH13873 A1, The doctinent WO 41/13873 Al correspands 12 U (ERP-A-U 447 164) as cited
by the Examiner. As acknowledyed by lhe Exarniner in tem 2 of the vrilten opinion, the
claimed subjecl malier is nol disclosed in the cited @,

Itis submilled that the revisions to the claims and descriplion as detailed hereinabove either
find basis in the application as filed oi they are olhurwise allowable, hence they dg nat conlain
subject matier which extends beyond the conlent of the applicetion as filed, in accordance with
Arlicle 34(2)(b) IPCT.

Novelty :

The applicant is pleased to nnle (hat the Examiner has acknowlelged in Item 3 of the wrillen
opinion thal claims 1-13 as lilad are novel aver the cited arl 01 (E1P-A-Q 447 1G4), hecause lhe
subject maller is not disclosed therein. Revised claim 1 enclused herewith is also not disclosed
in D1, and therefore ramains novel gver 1.

invenlive slep

The Examiner has asserted i ltem 4 of the wrillen opinion that the claimed invention {claims 1-
18) lacks invenlive step. However, the applicant submils that the invention ig invenlive over the
disclosure of D1, for the reagons provided hereinbelow.

Claim 1 :

Claim 1 is direcled o 4-pyridinone derivatives which possess substituents R¥ and R® on the
pyridinone ring. One of R? and I represents inethyl and ths other represants «(CHy),0M or
-HC=N-OR". '

Document D1 discloses cerlain 4-pyridinone derivatives (see Formula | on page 2, line 20 lo
page 3 line 30) in which subslitvents al positions equivalent fo R? and 2 (in D1 they are
labelled R? and RY) are salectod from hydrogen, halogen, or Crsallyl.  In the preferred
embodiment on page 7 of D1, the two relevant groups (R? and ") are defined as C,.atkyl.
Also, as idenlilied by (he Examiner, all of the Exaniples of D1 poussess methyl groups at both of
lhese pusilions.

The dilference between the compounds of claim | of the present invaention and he disclosure
of D1 is that in ail exemplified compounds of D1, both R? and R® groups are elhyl, whcrareas in
claim 1 of the present invention, one is methyl end the other is -(CH;),OH or -HC=N-OR”.

The technical ellfect of this dilference is that the compounds of claim 1 of the present invention
are more solubla in the solvenls FaSSIF and FeSSIF than those of D1, (These solvenis
simulate inlestinal fluid and are described on pages 50-52 of the present application).
Enclosed herewilh is the Solubilily Table of page 53 of the present :application, with the addition
of two comparalor compounds from D1, namely Examples 15 and 42a. These compounds
differ from the scope of claim 1 (and each of Examplas 1-8 of {he present invention) in that they
possess a methyl group in buth of positions R? and B2 Al of the eremplified compounds of the
presenl invenlion clearly haviy an impravad solubility in FaSSIF, or in both FaSSIF and FeSSIF
over the comparalor compounds. knproved  solubility is relaled o an improved
pharnacokinelic profile, in particular inproved kicavailability of the v-.ornpounqs.

The comparatar compounds e found to have an 1Cg value of lese than 75 ng/mi when tested
in the in vifro anti-malarial activily assay detailed on pages 45-42 of the prasent applicalion.
Thal is, the aclivity of the compounds of the present invention (see page 52, lines 31-32) is in
the same range as the prior ait compounds )

655



f
I light of the: above, the techinical problem to be solved can be axpressed as "the provision of
compounds which have an inproved bivavailability as compared with thase of D1, whilst
mainlaining the =aine high pelency in the ir vitro anti-malarial activity assay”.

Stlarting Trom D1, a person siilled in (he art wighing to improve the bioavailabilily whilst
mairdaining potency of the compounds would have a selection of compounds to choose from
as his slarling point. There are niany Examples in D1 which fall in the preferred embodiment of
D1 {on page 7 of 1D1), and Ihe skilled person could choose any of them as his starting point.
Zven if the skilled person woere to choose lhe spscific Examples 15 and 424 1o start from, he
would need to decide which ineasures he would Iake lo improve bicavailabilit/. He would know
that one way he might improve bioavailabitily is to find a way of inereasing the sclubility of the
compounds. There are a numiber of ways lo increzse solubility, Tor example by making a sait of
the compound or by madilying the structure, e.g. by adding a polar group to the motecule. 1 he
were 1o choose o modify he structure o improve solubility, there are many positions in the
malecule which he might choose to modify.  There is nothing in D1 to suygesl modification
specifically al the RYIR' posilions over any other positions; in facl the skilied person would
probably start medificalion al a posilion other than R¥R* because all exemplitied compounds in
D1 possess two methyl groups al R? and R Fven if the skilled person were to start by
modifying these posifions, he wouk! then need to decide which spedific polar groups he would
pul there. There is nothing in D1 lo lead him o use the specific pelar groups -(CHg), O or
-HC=N-OR?® al one of these posilions. The broacest general formula in D1 (page 3, lines 25-
26) defines R and 1" as beiny selecled from hydrogen, halcgen or Cgaliyl optionally
subslituied by 110 3 halogen atoms, which groups are not analogons in struciure lo the groups
used in the present invention.  Furlhenmore, the skilled person could not predict that
replacement of one of the M2 or R groups wilh ene of the spegcific polar groups of the present
invention would Jead to compounds wherein the potency is mainlainad.

In view of the above discussion, it is submilled that claim 1 of 1he present invention possesses
an invenlive slep over the disclosure of D1

Claims 2-18

Since claim 1 is inventive ovar D1, it lollows that claims 2-9, which are dependent on claim 1,
medical use claims 10-12; method of treaiment claims 13-14, compoesition claims 14 and 15
and process claims 1-1G, which all refer o (he compounds of claim 1, compounds of Formula |,
or [all in the scope of claim 1, also possess an inventive slep gver 131, in accordance with the
EPO Guidelines Ior IZxaminalion C 1V 11,12 (December 2007 version).

This overcomes the Examiner's objection in Hem 4 of the written opirsion.

Please fif{d enclosed ERPQ form 1037 to serve as acknowledgement of receipt,

Atthorised Reprosemtative

Enc.  Form 1037, Demand, ee sheet
Revised claims page 55 in msapuscripl and lypescript
Revised descriplion paye 1 inmanuscripl and typescript
Solubility table including two prior 2t competnds
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INTERNATIONAL SEARCH REPORT

Internationa) application No

PCT/EP2007/055188

CLASSIFICATION OF SUBJECT MATTER

A.
INV. C07D213/68 A61K31/44

A61P33/06

According lo International Patent Classification ({PC) or to bolh natlonal classification and IPC

B. FIELDS SEARCHED

C070 ABl1K A61P

Minimum documeniation searched (ctassification sysiam tollowed by classlfication symbols)

Documentation searched olhar than minimum documentation Lo the extent thal such documenis are includad in the fields searched

EPD-Internal, CHEM ABS Data, WPI D

Etecironic data base consulted during the international search {name of data base and, where pradiical, search temms vsed)

ata, BEILSTEIN Data

C. DOCUMENTS CONSIDERED TQ BE RELEVANT

Calegory® | Citation of document, with indicalian, where appropriate, of he relevant passagas o Felavant to claim No.

X EP 0 447 164 A (WELLCOME

cited in the application

& WO 91/13873 A (WELLCOME

18 September 1991 (1991-09-18)

abstract; claims 1-18; examples
2,3,5,14,15,39,42,89,90,94

19 September 1991 (1991-09-19)

FOUND [GBJ) 1-18

FOUND [GB])

D Further documents are listed in the continuation of Box C.

E See patent family annex.

* Special categories of cited documents ;

*A* document defining the general slate of the art which is nol
conslderad 10 be of particular relavance

*E* earlier documant but published on or aflef the Inljematlonal
likng date

*L* documeni which may throw doubis on priority claim(s) or
which is ¢fied 10 establish the publication date of another
citation or olher special reason (as specified)

O document teterring 10 an oral disclasure, use, exhibition or
ather means

“P* docurmanl published prior to 1he international fiting data but
\ater than the priorily daté clatmed

‘T* later document published after the inernational filing date
or priorily date and not in conflici with the application but
cited te understend lhe principle or theory underlying the
invention

*X* document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered 1o
involve an inventive step when the documen! is 1aken alone

"Y' document of particular relevance; the claimed invention
cannot be considered to Involve an inventive step when the
document is combined with one or more olher such docu-
ments, such comblnalicn being obvious to a parson skilled
in the art,

'8’ document member of the same patent tamily

Date of the actual completion of the internalional search

19 September 2007

Date of mailing of the intlematlanal search repont

26/09/2007

Name and mailing address of the ISA/

European Patenl Office, P.B. 5818 Patentlaan 2
NL — 2280 HV Rijswijk -
Tel. (+31~70) 340-2040, Tx. 31 651 eponl,
Fax: (+31-70) 340-3018

Authorized officer

van Laren, Martijn

Fomn PCT/A5A/210 (ssecond sheel) (April 2005)
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Internationat application No.

INTERNATIONAL SEARCH REPORT , PCT/EP2007/055188

Box Il Qbservations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This International Search Report has not been estahlisned in respact of certain claims under Ardcta 17(2)(a) tor the following reasons:

1, Claims Nos.: -

because they relate to subject matter not required t¢ be searched by this Authority, namely:

Atthough claims 13 and 14 are directed to a method of treatment of the
human/animal body (Article 52(4) EPC), the search has been carried out and
based on the alleged effects of the compound/composition.

2 D Claims Nos.:
because they relate to parts of the International Application that do not comply with the prescribed requirements to such
an extent that no meaningful international Search can be carried out, specifically:

3 D Claims Nos.: ’
because they are dependent claims and are not drafted In accordance with the second and third sentences of Rule 6.4(a).

Box Il Observations where unity of invention Is lacking (Continuation of ltem 3 of first sheet)

This Intemational Searching Authority found multiple inventions in this intarnational apptication, as follows:

1. As alt required additional search fees were timely paid by the applicant, this Intemationa!l Search Report covers all
soarchable claims. .
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